bene APR6 1945 


ansactions 


MERICAN FOUNDRYMEN'S ASSOCIATION 

























Mntroduction to Report on Investigation of Physical Properties of Steel Foundry 
Sands at Elevated Temperatures,” by Werner Fimstet.......ccvcssevecsessssessesssseeneneneevee 977 


Report on Investigation of Physical Properties of Steel Foundry 
“Sands at Elevated Temperatures,” by Be Cy WR series hike Seeciconcscecgcmae 979 
Wenments on Dilatometer Operation,” by H. W. Dietert...............0c-ccccecsseseevseccnansnrs 1011 
stions on Rate of Loading of Specimen in the Hot Compressive Strength 
Test,” i TIE TIES abc ac ininenpiltebdiip sues shone cencecnstegiadiainedpiesilbniiossies aiadieagentiie 1020 
: of Foundry Sand Research Committee on Investigation of Supports for 
Sand SE RRL DANMOOE saiiccvcronseirrerixovecnsceoneoossuunspanitonbinhsinebigheiagnmnieestvasiibinlind 1024 
D ment and Properties of Sand Cast Aluminum Alloy Having High Strength 
After Ageing Without Previous Heat Treatment,” by Hiram Brown... .1037 


cose eager Control,” by H. W. Dietert, R. L. Doelman and R. W. “Bennett. 1053 
hic Specifications and Standards for Naval Materials,” by Clyde L. 


inca iadoaduceninivensisecbovonsdeth voalnndesséxcecscinsaietiammURIE Atle aiticonidabeicgiaeen 1078 
ray Micrography as a Tool for Foundry Control,” by Leslie W. Ball..............000 1111 
2 A Study of Molding Methods for Sound Castings,” by F. GC. Sefiteg.......0....<ccsesesen 1126 
The Melting of Non-Ferrous Metal in the Cupola,” by Leighton M. Long............ 1137 
vations in Casting and Coining Malleable Iron,” by H. W. Strecter............ 1146 

Effect of Copper on the Properties of Cast Carbon-Molybdenum Steel,” by 
mealer OMe W. L.. Maimhast ..........0..s0..01s.ssnsssosessseressavanesssncanansoonqsores 1151 





Causes of Test Bar Failures in Navy ‘G’ and ‘M’ Metals,” by Wm. B. 


The Rate of Spheroidization and the Physical Properties of Pearlitic Malleable 
‘Tron After Isothermal Quenching,” by W. H. Bruckner and Jun Hino.....0.....00 1189 
1 ee lec OY S.A. Deng ne 22 Bees 1217 
| of Test Coupons for Cast Steel,” by R. C. Wayne, H. F. Bishop and H. 




















oe cotatktiial rhs vre erin cshdasonenllapiuniseensints ses inqseintaiacstopllieaiiideee weoesceer aieiapiamaiiiad 1251 

Tron—Steel Plus Graphite,” by J. T. MacKenzie 1266 

Phe Sus of Gypsum Cements in Pattern and Model Making,” by £. H. Schleede..1271 

Drying and Preheating of Foundry Ladles,” by C. E. Bales and F. eistre.. hidsanagy 1286 

loung Engineer in Foundry Production,” by C. L. Heater... 1293 

Bids of the Engineer in the Foundry,” by L. J. Fletcher. 1300 
Report of the Subcommittee on Sintering Test, Foundry Sand Research Com- 

RINNE i coscreensocenconeoteveiecbendendenclncbiserososienns 1311 

Plastic Core Binders for Ferrous and Non-Ferrous Metals,” 

AEE RRS SERIE TAPS. oa 1317 

and the Steel Casting,” by K. L. Clark and J. H. Richards............ 1325 

on Industrial Safety and Occupational Disease Control,” by aot es 











i 2 of Local Exhaust Ventilation to Electric Melting Furnaces,” ae 


ls of Occupational Disease Control in the Foundry,” by W. A, — 
iy of Fumes Generated in the Operation of Electric Furnaces,” by 7. Wm. 

















PGE 1365 
‘x to 1944 | ES a A 1372 
ex to 1944 Transactions...............0.0c<---c000000 ae 1391 
JUNE 
1945 


isseed Four Times Per Year 





TRANSACTIONS 


AMERICAN FOUNDRYMEN'S ASSOCIATION 
INCORPORATED 





Published and ighted the American Foundrymen’s Association, 
est Adams Street, Chicago 6, Ilinois a 
Entered as second class matter September 9, 1938, at the t Chicago, Mlinoi 

under the Act of March 3, 1879. a » Milo, 
Issued Quarterly 
Subscription Price: Sutecrigtion Price: 
embers: Non- embers: ‘ 
$4.00 per year; $1.00 per copy $15.00 per year; $4.00 per copy 








VoL. 52 June, 1945 








A.F.A. Organization and Personnel—1944-45 
Officers and Staff 


“President, R. J. Teetor, Cadillac Malle- Treasurer, C. E. Hoyt’. 
able Iron Co., Cadillac, Mich. Assistant Treasurer, J. Reininga’, 


"Vice President, Fred J. Walls, Inter- Director, Technical Development Program, 
national Nickel Co., Detroit. N. F. Hindle’. 


Secretary, R. E. Kennedy’. Business Manager, W. W. Maloney’. 


Board of Directors 
Terms Expire 1945 


J. E. on, U. S. Navy Yard, Washing- *S. V. Wood, Minneapolis Electric Stee 
ton, D. C. Castings Co., Minneapolis. 

H. S. Simpson, National Engineering Co., 
Chicago. W. L. Woody, National Malleable & Sted 

*]I. R. Wagner, Electric Steel Castings Co., Castings Co., Cleveland. 
Indianapolis, Ind. 


Terms Expire 1946 


D. P. Forbes, Gunite Foundries Corp., Harry Reitinger, Emerson Engineer, New 
Rockford, Ill. York. 


Roy M. Jacobs, Standard Brass Works, Mil- 

Max K. Sh Sindee: Younter Ce Bene a on ae 
unlansky, yn oundry Co., 

Lynchburg, Va. 


Terms Expire 1947 


Frank J. Dost, Sterling Foundry Co., Well- *L. C. Wilson, Reading Steel Casting Div, 
pan ge nfo. oe ee eae Cable Co., Inc, 
SD. Ruwel, Phoenix Iron Works, Oak Reading, Pa. 


oseph S Sully Brass Foundry, 
R. T. Rycroft, Jewell Alloy & Malleable “ > all 
Co, Buffalo. 


, 3 


* Member of Executive Committee. 
3 Association Office, 222 West Adams St., Chicago 6, Ili. 
¢ Im accordance with Article III, Section 3, By-Laws. 








al 3s 


Introduction to Report on Investigation of Physical Prop- 
erties of Steel Foundry Sands at Elevated Temperatures 


By WERNER FINSTER*, READING, Pa. 


Shortly after Mr. J. R. Young had completed his investigation on “The 
Effect of Ramming,” published in the Third Progress Report on Investigation 
on Effect of High Temperature on Steel Sands, 1942, he was asked by the 
United States Navy to help as a full time instructor in the Navy’s Engineering 
Training Program. Mr. Young accepted this call, and resigned as A.F.A. 
Research Fellow. Due to his resignation, the Research Program, under the 
direction of Subcommittee 6b7 on the Physical Properties of Steel Foundry 
Sands at Elevated Temperatures, had to be interrupted from September 1942 
to March 1943, when the A.F.A. was very fortunate to engage Douglas C. 
Williams as A.F.A. Research Fellow. Mr. Williams, a graduate chemist, came 
to us from the Research Laboratory, American Steel Foundries, East Chicago, 
Ind. Both his technical training, and his knowledge of steel foundry sand 
problems, qualify Mr. Williams highly for his present duties as A.F.A. Research 
Fellow. 

Prior to Mr. Williams’ appointment, Subcommittee 6b7 had made arrange- 
ments with the Naval Research Laboratory, Anacostia Station, Washington, 
D. C., to collaborate in the Research Program by investigating some phases 
of the Basic Research program. Upon Mr. Williams’ appointment, it became 
necessary to carry out a series of tests to check the reproductibility of test 
results between the A.F.A. Sand Research Laboratory, and the Naval Research 
Laboratory, before dividing the program between the two laboratories. In 
the Fourth Progress Report, Mr. Williams presents the results of this inves- 
tigation. 

An Appendix to the Fourth Progress Report contains information on High 
Temperature Sand Testing, which has been submitted to Committee 6b7 by 
members. This material does not carry the official approval of Subcommittee 
6b7. It is included in the form of an Appendix, to stimulate interest in High 
Temperature work among the members of A.F.A. 

In the Fall of 1943, Subcommittee 6b7 decided to expand its program at 
Cornell University. While the Basic Research investigation is being carried 
on, trend curves will be established on the influence of various binders on the 


"Reading Steel Costing Div., American Chain & Cable Co., and Chairman, Subcommiitee on Physical 
ae of Steel Foundry Sands at Elevated Temperatures (6b7), A.F.A. Foundry Sand Research 


M ~ This report was oepenated at a session on Foundry Sand Development at the 48th Annual 
eeting of A.F.A. in Buffalo, N. Y., Wednesday, April 26, 1944. 
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High Temperature Properties of Steel Foundry Sand mixtures. This work 
will be carried out on a commercial dilatometer. The Executive Committee 
of the A.F.A. has made funds available to engage additional help, and Harn 
W. Dietert, President, Harry W. Dietert Co., Detroit, has presented the A.F.A, 
with a dilatometer for this work. 

Our knowledge of sand properties at high temperatures is still quite limited, 
As our work in this field progresses, we are learning that factors which are of 
minor importance in room temperature testing, greatly influence test results 
at high temperatures, and that much greater accuracy in testing equipment 
and technique is necessary to obtain reproducible data. 

The finish of our castings, their freedom from sand defects and sand inclu- 
sions, is dependent on the behavior of the sand during pouring and solidifica- 
tion. Therefore, it is obvious that any knowledge of the properties of sands 
at high temperatures is of practical value. To pursue its work, the Subcon- 
mittee needs the wholehearted support of the members of the A.F.A., and 
their patient understanding that fundamental information must first be gained 
before practical application can be carried out intelligently. 

As Chairman of Subcommittee 6b7, I wish to extend my sincere thanks 
to the members of this Committee for their excellent cooperation, to Dr. H. 
Ries, and Professor J. R. Moynihan, Cornell University, for their guiding 
interest and help in this work; to the officers and staff of the Naval Research 
Laboratory for their participation in the work, and to the Navy Department 


for sponsoring a Sand Research Program, which made this cooperation 
desirable and feasible. 








Fourth Progress Report on Investigation of Physical Prop- 


erties of Steel Foundry Sands at Elevated Temperatures 


By D. C. Witiiams*, ITrHaca, N. Y. 


Abstract 


This report records the work done on the High Temperature Testing 
of Foundry Sands at Cornell University, Ithaca, N. Y., under the 
direction of Subcommittee 667, Foundry Sand Research Project, includ- 
ing the results of cooperative tests conducted between various labora- 
tories to determine the hot compressive strength of molded sand test 
specimens. 

The cooperative tests were first conducted between the Naval Re- 
search Laboratory, Washington, D. C., and Cornell University, Ithaca, 
N. Y. Later they were expanded to include two additional laboratories, 
namely, those of the H. W. Dietert Co., Detroit, Mich., and the Experi- 
mental Station, Hercules Powder Co., Wilmington, Del. As a result of 
the work conducted during the past year, improvements have been made 
in the testing equipment and in the art and science of high temperature 
foundry sand testing. Also the margin of error, for the mixtures tested 
in the cooperative work, has been decreased by standardizing equipment, 
procedures and testing technique within and between laboratories. 

Discoveries made during the past year at the University have resulted 
in the following changes in the only available commercial testing 
equipment: 

(1) An investigation of the size of the posts and the material 
from which they were made, as first used in the dilatometer, 
resulted in the manufacturer changing the diameter of the posts 
to 1% in., and the use of a material known as “mullfrax-S”’ 
in the post. 

(2) An investigation of air drafts through the heating unit 
resulted in the adoption of ways and means to practically 
eliminate air currents in the furnace. 

(3) Improved positioning of test specimen within the furnace 
has been obtained through temperature traverses of the heat- 
ing element. 

(4) Numerous refinements in testing technique have been 
discovered, both at the University and through the cooperative 
tests, which have improved the ability to duplicate results 
within the apparatus. 

From the past year’s work, including the cooperative tests between 
laboratories, dilatometer operators should find their ability to duplicate 
test results improved if they will give consideration to the following 
items: 

(1) Rammer mounted rigidly on a solid foundation. 


*A.P.A. Research Fellow, Cornell University. 
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(2) Use disks of the same dimensions and materials fo, 
all tests. 

(3) Assure that there is good contact between the disks and 
test specimen. 

(4) Keep the refractory posts rigid. 
(5) Use the same furnace temperature control setting recov- 
ery time for all tests. 
(6) Use the same exposure (soaking) time for all tests 
(7) Use the same rate of loading for all hot compressive 
strength tests.* 
(8) Keep the furnace heated continuously. 
(9) Keep the control thermocouple bead at the chosen 
location. 
(10) Use an overnight idling temperature control setting of 
1150° F. 

The following items referring to the test apparatus were found to 
have little or no effect on the variations in test results: 

(1) Type of electrical connections to the heating element. 
(2) Separate cooling of the heating element ends. 

It also was found that specimen location within individual furnaces 
was not so important for routine testing, but comparable specimen 
locations were essential when results between laboratories were being 
compared. Further, it was found that, if the composition of the bento- 
nite used in sand mixtures being tested changed, the hot compressive 


strength of the sand mixtures also changed. 


1. The Subcommittee on the Physical Properties of Steel Foundry Sands 


at Elevated Temperatures, Foundry Sand Research Project, has under its 


direction a “basic research” program of investigation. The term “bask 
research” has“been selected to describe a single-variable program to determine 
the effect of the following variables on the elevated temperature behavior of 
sand mixtures: 
(1) Grain size. 
Moisture content of the sand mixture. 
Time of temper (storage in a sealed container). 
Time of mixing (muller type mixer). 
Type of bonding material. 
(a) bentonite 
(b) fire clay 
(c) organic 
d) inorganic 
(6) Silica flour. 
(7) Degree of ramming. 


2. It is hoped that all but one of the variables can be held constant while 
investigating the effect of that one. As the investigation proceeds, the subcom- 


*It is essential, to maintain the same rate of loading for all tests, that the, hydraulic system used 
exert pressure on the specimens be kept free of air. 
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mittee aims to make available to foundrymen certain safe trends as they are 
determined. These trends will concern the hot compressive strength and the 
linear expansion of various sand mixtures as determined from molded test 
specimens. 

Approach to the Problem 

3. The above research investigation is being carried on primarily at Cornell 
University, Ithaca, N. Y. Its aim is to establish not only the “how” and “why” 
of high température sand testing but also the behavior of foundry sand at those 
temperatures. The former involves not only a study of the means for con- 
ducting the tests but also the manner in which the tests should be conducted 
to secure the best possible results and the correct interpretation of those 
results. 

4. The latter, the behavior of foundry sands at elevated temperatures, 
obviously can be determined intelligently only when the former, the “how” 
and “why” of high temperature sand testing, is known. 

5. From this, it can be seen easily that there is considerable difference 
between the research and routine approach to the problem. Research is 
interested in fundamentals, routine testing only in the results obtained. The 
interpretation of data in manufacture of castings is of paramount importance 


to both. Therefore, each assists the other during the development stage of 
any test. 


Beginning of Cooperative Work 

6. The investigation outlined previously is a large one, involving thousands 
of determinations. Therefore, to hasten the results obtained from the “basic 
research” program, advantage was taken of an offer by the Naval Research 
Laboratory, Washington, D. C., to assist in the investigation and a cooperative 
project, involving the two laboratories, for the purpose of dividing the work, 
was undertaken. The first step was to standardize techniques and testing 
equipment in the two laboratories. Each laboratory was to have been able to 
duplicate the other’s work before continuing on separate parts of the single- 
variable program. 

7. To determine how closely the two laboratories checked, and for the 
purpose of finding differences in equipment and technique, a preliminary 
check between the two laboratories was conducted. 

8. Two mixtures were prepared at the Naval Research Laboratory, one 
containing 4 and the other 10 per cent bentonite and a portion of each 
hipped to the University. On the same day, both laboratories made the same 
room and high temperature tests. 


9. Results of the first check tests indicated good agreement between the’ 
‘oom temperature tests and on the high temperature expansion and contrac- 
tion tests for both mixtures. On the hot strength test, fair agreement was 
obtained on the 10 per cent bentonite mixture but wide divergence on the 
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4 per cent mixture. Hot strength tests were conducted at 2000° F., and 19 
min, exposure time on dry sand specimens. 

10. However, careful study of the results indicated that the results obtained 
were not as satisfactory as desirable for research of this type, so a close check 
of equipment and testing techniques between the two laboratories was made. 

EQUIPMENT 

11. The only differences in equipment found were (1) the hydraulic pres- 
sure system on the dilatometer at the Naval Research Laboratory is motor 
driven while that at Cornell University is manually operated, (2) the Naval 
Research Laboratory drying oven is of the circulating air type while that at 
the University is not, (3) the muller-type mixer at the University is of larger 
capacity (24-in. diameter) than that at the Naval Research Laboratory (18-in. 
diameter). Both mixers are of the same make, with stationary pan and 


revolving mullers. 


MATERIALS AND TEST PROCEDURES 


12. Following a conference between the staffs of the two laboratories, it 
was decided that the following materials and test procedures would be used, 
in the beginning, for cooperative tests by both laboratories. 


Materials 
13. Materials to be used were as follows: 
(1) Base Sand—Standard A.F.A. with 95 per cent of the grains passing 
the No. 50 and remaining on the No. 70 mesh sieve. 
(2) Western bentonite. 
(3) Distilled water. 
Test Procedures 

14. The following procedures were outlined for the two laboratories to 
follow. 

15. Procurement and Storage of Materials. A.F.A. Standard sands shall 
be obtained. Bentonite shall be taken from the stock now on hand at the 
Naval Research Laboratory. A 100-lb. bag of bentonite shall be split in a 
sample splitter. The samples shall be placed in 50-lb. capacity lard cans, one 
being retained at the Naval Research Laboratory and the other sent to Cornell 
University. A glass dish of calcium chloride shall be placed inside the lard 
can to dry the clay. When the calcium chloride shows signs of moisture, it 
shall be replaced with a fresh supply. 

16. A similar glass dish shall be kept in the containers holding all base 
sand samples. This maintains a very low water content in all ingredients and 
the mixing of batches to accurate water contents will be facilitated. 

17. Distilled water shall be used and shall be stored in pyrex bottles which 
have been thoroughly cleaned with chromic acid and rinsed with distilled 
water. The bottle top shall be covered with a pyrex beaker and no other 
stopper used. 
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18. Preparation of Sand Mixtures. The minimum total weight of sand 
and bonds used shall be 7000 grams per batch and larger when possible. 
Sufficient water shall be added in excess of this weight to give the desired 
water content. The dry materials shall be placed in the mixer and mixed 
dry for 2 min. The calculated amount of water shall be added to the dry 
mixture and the batch shall be mixed for an additional 5 min. Each mixer 
shall be kept covered during the entire mixing. 

19. Collection and Storage of Sand Mixtures. In collecting the sand for 
storage, only the sand discharged by the operation of the mixer shall be used. 
The sand remaining in the mixer shall be discarded. The sand shall be 
discharged onto a 4-mesh screen, equipped beneath with a funnel so that 
the sand may be riddled directly into a 2-quart jar. The jar containing the 
sand shall be sealed as soon as it is filled. A test for moisture shall be made 
at this point (to eliminate a 24-hour delay should the moisture content vary 
too much from the predetermined value) as well as after the sand has tem- 
pered in the jars. The sand mixture shall be allowed to temper in the sealed 
containers for 24 hours. 


20. After tempering, the sand shall be riddled again and tested for room ° 


temperature and high-temperature properties. 


21. Room-Temperature Tests. The following methods shall be used for 
the room-temperature testing of sand mixtures: 

Moisture. A “moisture teller” with one-in. high drying pans shall 
be used. After weighing in the usual manner, the sample shall be 
dried for 6 min.; cooled to room temperature in a desiccator and 
reweighed. The water content shall be within 0.115 per cent of that 
desired. If it is not, the sample shall be discarded and a new mix- 
ture made. 

Sample Weight. A weighed amount of sand shall be placed in the 
specimen tube, the weight of the sand recorded, and the sand 
rammed three times. 

Green Permeability. The Naval Research Laboratory shall use 
permeability apparatus with orifices. The apparatus shall be cali- 
brated frequently. Cornell University shall use the standard A.F.A. 
apparatus and procedure. 


Mold Hardness. After the permeability readings have been made, 
and before the specimen is stripped, the mold hardness value shall 
be taken on the exposed specimen surface. Readings also shall be 
taken on the 1!4-in. diameter specimens used in the high-temperature 
tests. 

Green Compressive Strength and Deformation. The green com- 
pressive strength shall be measured on a motor-driven sand strength 
machine. The deformation reading shall be made at this time. 
Cornell University does not possess this attachment. 
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Dry Compressive Strength. The samples for dry compressive 
strength tests shall be oven dried at temperatures from 220 to 229° F 
for 2 hours and stored in a desiccator. All dry compressive tests. 
in so far as possible, shall be made with the sand strength machine 
used in the green compressive strength test and equipped with a 
special attachment for dry compressive strength testing. If the 
strength is too high, use shall be made of other available apparatus 

22. High-Temperature Properties. High temperature tests shall be con. 
ducted as follows: 

Preparation of Specimens. Samples for both elevated and room 
temperature testing shall be made at the same time. As before, the 
weight of sand required to produce a specimen of recommended 
dimensions shall be recorded. The weighed amount of sand shal! 
be transferred to the specimen tube and be given three rams with 
the 1'%-in. diameter rammer. 

Expansion Tests. For expansion tests, the dried specimen shall be 
placed under a 4-oz. load and tested at 800, 1600, and 2500° F., 
taking the readings at 30-sec. intervals for a 10-min. period. 

Hot Compressive Strength Tests. Hot strength tests (compression 
at elevated temperature) shall be tested at 1200, 1600, and 2000° F., 
after exposure times of 4, 6, and 8 min. The load shall be applied 
to the specimens within 30 sec. of the end of the predetermined 
exposure time. Furnace recovery time shall be 3 min., and shall be 
included in the exposure period. 

23. Standard Mixture to Be Tested. The tests described above shall be 
made both by Cornell University and the Naval Research Laboratory on a 
mixture consisting of 

Per Cent 
A.F.A. Standard Sand 95 
Western Bentonite 5 
Distilled Water 4 
94. Tests results then shall be exchanged and shall serve as a basis for 


further discussion, if there is any abnormal disagreement. 


RESEARCH PROGRAM 


25. After the test procedure was established so that it was possible for 


each laboratory to duplicate the results of the other, a program of high tem- 
perature research was to be inaugurated. This was to cover studies on westem 


and southern bentonite, illite and kaolinite clays, as well as other variables 
Each laboratory was to study two of these clays, varying.clay content, water 
content and amount of ramming. Each mixture was to be tested using th 
procedures previously described. These tests were to be discussed in greater 
detail after the work of standardizing equipment and procedures was well 


under way. 
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Reporting Results 

96. On October 20, 1943, Subcommittee 6b7 adopted a method of report- 
ing results for the hot compressive strength tests. The method involves the 
use of figures and letters; namely, the first figure is the hot compressive 
strength, the second figure the temperature control setting, the third figure the 
time the specimen is exposed to heat, and the fourth, the letter D or G referring 
to whether the specimen was oven dried or green. For example, 400 — 2000 — 
6-D. means a hot compressive strength of 400 psi. at a temperature control 
setting of 2000° F. when the dried sample is exposed to heat for 6 min. 


First TEsts ON STANDARD MIXTURE 
97. Following the standardization of procedure, both laboratories, on the 
same days, made and tested samples of the standard mixture. 


Results 

28. Room Temperature Tests. Except for a difference in the dry com- 
pression strength test results, the room temperature tests were satisfactory. 

29. Expansion Tests. Results obtained in the expansion test again agreed 
satisfactorily. Because the laboratories had been able to check satisfactorily 
in expansion test results in two separate sets of check tests, and because interest 
within the industry had been focused on the hot compressive strength test, 
Subcommittee 6b7, which directs this work, decided to concentrate on improv- 
ing the test of greatest interest at that time, namely, the hot compressive 
strength test. Therefore, in following cooperative work, expansion-contraction 
tests were not included. 

30. Hot Compressive Strength Tests. Hot strength tests were made at 
1200, 1600, and 2000° F., at exposure times of 4, 6 and 8 min. on oven dried 
specimens at the same two laboratories on agreed upon days. Comparison of 
results showed that test data at both laboratories indicated, at each tempera- 
ture, an increase in hot strength with increases in exposure time. However, 
differences between data at the same temperature and exposure times at the 
different laboratories, while in good agreement in some instances, differed 
rather widely in others and it was agreed that better consistency in results was 
necessary for this type work. 


Investigates Equipment and Technique 

31. Following the first tests on the standard mixture, it was decided to 
investigate the equipment and techniques used at each laboratory more closely 
than had been done previously. 

32. The following were investigated before the second series of check tests 
on the standard mixture were made: 


(1) Rammer. Rammers were compared and adjustments made’ 
so that each part was a duplicate of the other in both laboratories. 

(2) Rammer. Rammer mountings were compared and both 
adjusted to an equal degree of rigidity. 
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(3) Bentonite. A check made on the handling of materials before 
mixing revealed that the bentonite used at Cornell University wa; 
oven dried while that at the Naval Research Laboratory was used 
‘‘as delivered.” It was considered that a difference of approximately 
4 per cent of mechanically-held moisture in the bentonite would not 
account for more than a fraction of the difference shown in the hot 
compressive strength tests. 

(4) Furnace Heating. While operating the furnace at a tempera- 
ture control setting of 2500° F. at Cornell, the heating element was 
red hot on one side and black on the other. This occurred only at 
the upper end of the heating element. Prof. L. A. Burckmyer, Jr. 
Dept. of Electrical Engineering, Cornell University, kindly offered 
his assistance to determine the cause. Tests showed that one third 
of the impressed voltage was used in a distance 2-in. down from the 
silicon carbide-carbon block connection (pressure type). This 
adversely affected the silicon carbide-carbon block connection by 
increasing its temperature. The aluminum, which had been sprayed 
on the element end, evidently melted, for globules were formed which 
produced point contacts with the carbon block. 

To avoid the use of a pressure type connection to the element, 
Prof. Burckmyer suggested a solid metal-to-silicon carbide connection. 
A satisfactory method of producing this solid connection was obtained. 
A brass ring was connected to the element by means of copper metal 
spray. A noticeable drop in electric power consumption was evident 
immediately. This connection obscured the uneven heating of the 
element until control temperature settings of 2750° F. were used. 

(5) Electrode Cooling System. The electrode cooling system was 
next investigated. Passing of cooling water from the lower to the 
upper brass electrodes required a large water consumption, if both 
ends of the element were to be maintained at the same temperature. 
By cooling each end of the electrode separately and installing ther- 
mometers in the outlet water streams, the desired similar temperature 
was produced at the element ends. 

(6) Air-flow in Heating Unit, The volume of air passing through 
the element was found to be considerable, as indicated by the cloud 
of carbon coming from the upper end when a specimen having an 
organic binder is placed in the furnace. It is doubtful if the specimen 
itself is directly affected by this air flow. However, the air probably 
cools the controlling couple which, in turn, caused a higher element 
temperature to maintain the control setting. This higher element 
temperature would be reflected in high temperatures at the ends of 
the refractory posts. 

A metal ring fastened to the bottom triangular plate, having a" 
opening machined to just slip over the lower post holder, was installed 
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as a seal to prevent the “chimney effect” through the element. At 
the Naval Research Laboratory, the same results were obtained by 
wrapping asbestos cloth around the lower post holder. 


(7) Hydraulic Pressure System. At Cornell, air entering the 
hydraulic pressure system presented a problem. A new vented piston 
and lead gasket, used as a seat, were obtained and installed. This, 
with some additional work, eliminated air leakage into the system 
at room temperature. However, when the furnace was in operation 
with the 1¥-in. diameter “carbofrax” posts installed, it was not 
possible to hold 100 psi. for 10 min. as is possible when the furnace 
is cold. The high heat transfer to the base of the equipment was 
undoubtedly the cause, for when 11%-in. diameter “mullfrax-S” posts 
were installed, little or no increase in the base temperature took place 
and it was possible to hold the pressure. 

The check valve and a spring loaded valve attached near the small 
gage have been eliminated from the hydraulic system in the dila- 
tometer at Cornell. The large gage now is connected through a pipe 
line entirely outside the basé of the instrument. Al] connections are 
now outside and visible and any oil leaks can be detected quickly. 

(8) Equalization of Heating Element Temperature. Furnace tem- 
perature traverses were employed to check furnace operations as the 
above changes were made. The point of origin for traverses at 
Cornell University is the upper triangular horizontal plate. All dis- 
tances mentioned are downward from that location. Customarily, 
the traverse thermocouple is lowered into the element chamber (no 
specimen in furnace) at definite intervals, usually one inch. ‘The 
indicated temperature readings for each interval are recorded. 

When the hot junction of a thermocouple is placed between two 
surfaces which are at different temperatures, the thermocouple will 
indicate some compromise temperature. 

Curves resulting from plotting the indicated temperature against 
distances downward along the heating element show the following: 

(1) the indicated temperature changes during measurement 
from top to bottom of the element, 

(2) the curves exhibit variable, limited zones of uniform indi- 
cated temperature, 

(3) the position of the uniform indicated temperature zone 
varies with respect to the opening between the posts, 

(4) the indicated temperatures will vary with (a) presence, 
or absence, of posts, (b) presence or absence of specimen, (c) 
with the dimensions of the posts and (d) with the materials of 
the posts. | 

(5) The writer found that, if the measuring intervals at the 
specimen location were shortened to %4-in., the direction of the 


ee eee AM 

a. eee arg 2 ty meeinel 

mer es os 
Pi Peig 


ee 


a 


er Hee 
Sas 








FourtH HicH TEMPERATURE SANp Repogry 


curve at the nose would change direction abruptly two or three 
times. 

33. The fact that the thermocouple indicates a compromise temperature 
should be considered when evaluating a temperature traverse and when inter. 
preting test results. Considerable time was spent in an endeavor to secure a 
sample location where the traverse indicated a zone of uniform temperature. 
Under present conditions, the sample is located with its center 834 in. down- 
ward from the origin. 

SECOND SERIES oF TESTS 

34. It was not until October, 1943, that the two laboratories were ready to 
make another set of cooperative tests. . 

35. To eliminate any differences in mixing or the handling of materials, 
the mixture used in those tests was made at the Naval Research Laboratory. 
one half being shipped to Cornell University and the other half retained, 
Tests were conducted on the same day at each laboratory. 

36. Tests for hot compressive strength were conducted at the same tem- 
peratures and exposure times as in the first series of tests, namely, 1200, 1600 
and 2000° F. and 4, 6 and 8 min. respectively. Results of the tests are shown 
in Fig. 1. 

37. Figure 1 shows good agreement between the laboratories at 1200° F. 
at all exposure times, but widely divergent results at 1600 and 2000° F., 
although trends at those temperatures are in the same general direction. 

38. It is of interest to note that maximum hot strength was obtained at the 
Naval Research Laboratory somewhere between 1600° F. at 8-min. exposure 
and 2000° F. at 4-min. exposure while the maximum appears to occur in the 
Cornell data at 2000° F. and 6-min. exposure. This would appear to indicate 
that in the Naval Research Laboratory testing, the plastic zone was reached 
more quickly than in the Cornell tests. This, in turn, points to a difference in 
the heating of test specimens between the two laboratories, even though the 
indicated temperature was the same, or to a difference in testing technique. 

39. To further improve the coordination of results between the laboratories, 
further study of the points investigated after the first series of tests was carried 
out. In addition, method of impressing voltage in each laboratory was dis 
cussed, the platinum-platinum-rhodium thermocouples were heat treated and 
standardized and the use of the temperature traverse in locating specimens was 
studied further. The original carbon-block connection to the heating element 
was restored as the test results obtained with the brass ring, which is a better 
type of connection, did not warrant the difficulty of affixing the ring. 

40. As a result of the further investigation of the temperature traverse to 
determine the proper position of the sand specimen in the heating unit, Sub- 
committee 6b7 directed that this method should be used to assure proper 


specimen position. 
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Tuirp Test SeERIEs 

41, The third series of cooperative tests was made in December, 1943. In 
this series of tests, three different mixtures, as shown in Table |, were used. 
The mixtures were prepared at Cornell University and half of each batch 
shipped to the Naval Research Laboratory. As previously, tests were con- 
ducted at each laboratory on the same day. Results of the tests are shown 
in Fig. 2. 

Discussion of Results 

42. As in the second series of tests, good results were obtained at 1200° F. 
at all exposures. Comparison of Figs. 1 and 2, show better results at 1600° F. 
at all exposures than obtained in the second series and less difference at 2000° 
F. at all exposures. 

43. The results obtained at all temperatures and exposure times on mixture 
3, Table 1, containing fire clay as a bond, were satisfactory. This would seem 
to indicate that more difficulty would be encountered in securing check results 
between laboratories on sand mixtures containing bentonite than on those 
containing fire clay. 


Rate of Loading 

44. There were some who questioned whether the two laboratories were 
using the same rate of loading. In the last two test series, the specimens were 
loaded and ruptured by each laboratory within 10 sec. Therefore, it seems 
very probable that the two laboratories had very nearly the same sample 
loading rates. Furthermore, consider mixture 3 of the third series. If the rate 
of loading was different, and so reflected in the actual variation of the bento- 
nite bonded mixtures, why did the fire clay bonded mixture tests agree so 
well? On the other hand, if the rate of loading was the same, as it is believed 
to be, and the fire clay mixtures checked, then it seems apparent that some- 
thing else, in addition to the rate of loading, is causing the. disagreement in 
the bentonite mixtures. 

45. Figure 3 shows the plotted average figures for the same sand mixture 
for the three test series. What has been said about each individual standard- 


Table 1 
SAND Mixtures Usep IN Tuirp Test Series 
Sand 1 2 3 
Kind St’d. A.F.A. Std. A.F.A. Std. A.F.A. 
Per Cent in Mixture 95 95 90 
Binder 
Western Western 
Kind Bentonite Bentonite Fireclay 
Per Cent in Mixture 5 Ss 10 
Per Cent Moisture (212° F.) 2.8 6.8 2.6 


Distilled Water 
Per Cent in Mixture 3.9 3.85 3.8 
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ization test applies to these curves and figures; namely, (1) at 1200° F., the 
tests agree, (2) at 1600° F., the curves move in the same direction but actual 
test values, while not too satisfactory, show improvement as testing progressed, 
and (3) at 2000° F., the results are not satisfactory, but also show improve- 
ment as testing progressed. 


FourtH Test SERIES 


46. In February, 1944, the check test program was expanded to include 
the laboratories of the H. W. Dietert Co., Detroit, and the Experiment Station, 
Hercules Powder Co., Wilmington, Del., and the following procedure arranged 
for the four laboratories: 

(a) Each laboratory was to mix and send to the other three 
laboratories: (1) sufficient green sand, in a tightly sealed container, 
to make room temperature tests and hot compressive strength tests 
on green sand specimens and (2) a sufficient number of dried (at 
212°-220° F.) specimens to make the required number of hot com- 
pressive strength tests. 

(b) Each laboratory was to have the specimen location in their 
respective furnaces in the zone of uniform temperature, as indicated 
by a temperature traverse. 


47. The averages for each laboratory for each condition of temperature 
control setting and exposure time is shown in Table 2. Table 3 shows the 
difference in psi. for each testing condition for each laboratory from the highest 
to the lowest value obtained. 


48. The agreement between the laboratories is not too good. One possible 
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Table 2 
RESULTS OF FouRTH CHECK TEST SERIES 
Naval H. W. Hercules 
Research Dietert Powder Cornell 
Laboratory Company Company University 
—— : : . = Con hatin = $n 


Specimen Weight, grams 155 156 156.2 

Green Permeability 8 78.2 88 

Green Compression, psi. 5. ). 6.1 

Mold Hardness 71-76 71-75 77-74 

<a Average Hot Compressive Strength, psi. ———— 
1200-6-G 219 265 

1600-6-G ] 716 637 

2000-6-G 2: 90 98 

1200-12-G 31! 363 344 209 
1600-12-G 721 669 570 
2000-12-G 159 143 489 
1200-6-D 115 136 83 
1600-6-D 323 266 114 
2000-6-D 78 44 184 
1200-12-D 166 130 3 116 
1600-12-D 353 308 : 159 
2000-12-D 131 55 01 298 


reason for the variations might be that each laboratory used a different rate 
of loading. 

49. Only one set of determinations was made. The program is to be con- 
tinued only after each dilatometer is equipped with the new yoke and upper 
post assembly. ‘ 

VARIABLES STUDIED 
50. Following are some variables whic}; may be encountered between two 


laboratories endeavoring to duplicate the pther’s work: 


Location of Controlling Thermocouple Bead 


51. This point was settled before the first test series on the standard mix- 
ture was made. The location of the hot junction of the controlling thermo- 
couple was arbitrarily placed in the heating chamber and opposite the center 
of the specimen. No work has been done with the thermocouple bead in an 


other location. 


Rate of Table Rise 

52. All testing was done on an alleged basis of uniform table rise (constant 
strain rate). Theoretically, the dilatometer at Cornell University can be optr- 
ated at any chosen rate because it has a hand-operated pressure system. At 
the Naval Research Laboratory, the pressure system is motor operated at 4 
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Table 3 


RANGE IN PSI. BETWEEN HicuH AND Low VALUEs For Eacu PARTICIPATING 
LABORATORY AT THE DIFFERENT TESTING CONDITIONS 


Naval H.W. Hercules 
Research Dietert Powder Cornell 
Laboratory Company Company University 
1200-6-G 35 53 100 sind 
1600-6-G 203 110 142 311 
2000-6-G 19 27 15 62 
1200-12-G 25 3 127 25 
1600-12-G 214 17 315 171 
9000-12-G 20 16 48 419 
1200-6-D 29 26 48 32 
1600-6-D 63 35 43 39 
2000-6-D 8 17 10 89 
1200-12-D 28 43 45 45 
1600-12-D 64 37 108 78 
2000-12-D 25 7 15 55 


fixed rate. This fixed rate is equivalent to a table rise of 1-in. per min. and 
can be obtained on the manually operated system by turning the screw at 
30 rpm. The above rate is for a table rise when there is no specimen being 
tested, 

53. When the hydraulic system is air free, the table rise at a rate of 1-in. 
per min. will prevail whether or not a test spetimen is in the furnace. In this 
case, the figures on deformation, shown in Table 4, would apply. 

To the writer’s knowledge, no such deformation figures, as shown in Table 4, 
corresponding to specimen breaking times of 10 sec. or more ever have been 
reported. 

34. Any air in the hydraulic system greatly alters the rate of table rise. 
For example, at Cornell University, the following figures were obtained for a 
rate of manually turning the crank at 30 rpm. 


Table 4 


DEFORMATION OF SPECIMEN WHEN RATE OF TABLE RISE 
Is One INcH PER MIN. 


Distance of : Deformation, in. 
Time to Break Table Rise, per in. (1¥ex 
Specimen, sec. in. 2-in. Specimen) 
1 0.0166 0.0083 
5 0.0830 0.0415 
10 0.166 0.083 
15 0.249 0.1245 
20 0.332 0.166 
30 0.498 0.249 


60 1.900 0.500 


- RON Re eR 
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(1) No load condition—table rise 1 in. per min. 

(2) Time required to reach 500 psi. with undetermined amount 
of air in hydraulic system—90 sec. 

(3) After removing as much air as possible from the hydraulic 
system, the time required to reach 500 psi.—30 sec. 

55. Thus two different rates of table rise at 30 rpm. were obtained and 
neither approached the rate desired. Therefore, it seems doubtful if the recom. 
mended table rise (1 in. per min. under no load condition, equivalent to 30 
rpm. of the manually operated hand crank) is an accurate designation to 
describe the rate of table rise. (See Appendix for contributions from other 
individuals, including Subcommittee members, regarding this subject.) 


Straining of the 1¥% x 2-in. Specimen When Stripping from Tube 


56. This problem has not been investigated as yet. A split sample tube has 
been made at Cornell University and may eliminate some irregularities caused 
by the stripping action. This investigation should conceivably be carried on 
simultaneously with the development, shape, size and ramming of the sample. 


Dissimilarity of Heating Elements 
57. During the writer’s investigation of the heating uniformity of the 
furnace element, it was found that (1) the wall thickness of a heating element 
was not the same all the way around, and that (2) no two heating elements 
used measured alike. This variation in the element wall might have an effect 
on the evenness with which the sample is heated. From observations on three 
elements used, the red-hot spots, at the top of the element, were found on 
the thinnest wall sections. The inside contour of the element varied and 
probably caused further differences in the heating of the specimen. 
58. After the writer’s visit to the company manufacturing the heating 
elements, improvement in fabrication of the’element seemed doubtful because: 
(1) The element is made from aggregate material, the particle 
size of which is difficult to control, 
(2) the element is rammed in a mold, 
(3) firing of the element is carried out in a chamber where it 
cannot be observed, and 
(4) demand for this type of heating element is very limited. 
Refractory Posts and Disks 
59. The dimensions, as well as the material of which the posts and disks 
are made, offer a field for much investigation. Up to the time this investigation 
was begun, posts and disks of a material known as “carbofrax” had been used. 
The writer made limited tests using posts made of a material known as “mull 
frax-S” which were satisfactory under the conditions in which they were used 
and tested. Before selecting the proper material, it was deemed advisable to 
make a thorough survey of temperature conditions within the furnace under 


all conditions of testing. 
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Effect of Replaced Parts on Sample Location 


60. Due to variations between elements and possibly posts, it may be neces- 
sary, after replacements of such parts are made, to alter the sample location 
because the temperature distribution within the heating unit may be changed. 


Continuous Operation vs. Overnight Furnace Shut Down 


61. When the writer first began to operate the dilatometer, it was the 
practice to heat up the furnace each morning and shut it off each night. This 
was found to be poor practice as it 

(1) shortened the life of the element, and 

(2) of the more importance, the fact that, near 400° F., a consid- 
erable volume change occurs, due to the presence of cristobalite 
(SiO,). 

62. Cristobalite is formed by the reaction of silicon-carbide and oxygen at 
higher furnace temperatures. The heating and cooling of the element through 
the above-mentioned temperature region for cristobalite causes micro-cracking 
on the element. Hot spots probably result so that temperature conditions may 
vary within the chamber from day to day. The makers of the elements recom- 


mend continuous operation and for overnight heating, an idling temperature 
of not less than 1150-1200° F. 


Time Required for Furnace to Come to Constant Conditions 


63. The usual procedure in dilatometer operation is to heat up the furnace 
each morning. After the control temperature is reached, one half hour is 
allowed to establish constant conditions. This point has been investigated 
and it seems doubtful if constant conditions are reached within 4 or 5 hours. 
For the past 6 months, the practice at Cornell University has been 

(1) to keep the furnace heated continuously, 
(2) to operate at only one temperature control setting in any 
given day, and 
(3) at night, to set the control for the next day’s operating 
temperature. 
Two laboratories differing in this procedure might have difficulty duplicating 
work. 


Oiling Rammer Rod 

64. The usual practice is to oil the rammer rod. At Cornell University, 
this practice was not found advisable. The oil oxidizes and creates friction 
along the rod where the sliding weight drops. This oxidized oil was removed 


and an increase in weight of 2 grams was obtained for the 2 x 2-in. specimen 
and 0.8 grams for the 14% x 2-in. specimen. : 


Pitot INVESTIGATIONS 


65. The term “pilot” has been given to the following investigations because, 
|) generally only one limited set of determinations was made, and (2) it was 
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desirable to learn whether or not the subjects investigated warranted a more 
detailed study. 
Refractory Posts of 1¥-in Diameter 

66. Earlier in this report, when discussing the hydraulic pressure system, 
the writer referred to the high heat transfer to the pressure loading mechanism 
“Carbofrax” is an excellent refractory for heat transfer. To reduce the heat 
transfer, a lower post was made of a material known as “alfrax-K.” Dimen- 
sions of the post were 1'¥-in. diameter on one end and tapered to 34-in 
diameter on the other. Several of these posts were tried but were found too 
weak to be of use. The refractory manufacturer was consulted and recom. 
mended another material known as “mullfrax-S” for a post 1¥-in. diameter 
throughout its length. Three upper and lower posts made of that material 


were obtained. 

67. Immediately after the completion of the December (third series) tests, 
the new 1'%-in. diameter posts were installed. A sufficient number of addi- 
tional samples had been made from the same mixture as used in the third test 
series and these were used to test the effect of the new type posts with the 


results shown in Fig. 4. 


Discussion of Results 

68. Figure 4 shows the averages obtained from the third series of tests using 
the “carbofrax” posts and the averages using the 1 ¥g-in. diameter “mullfrax-S” 
posts. The regular disks were used at the top and bottom of the specimen 
At a temperature control setting of 1200° F., mixtures 1 and 2 tested on the 
“mullfrax-S” posts did not show curves similar to those when using the “carbo- 
frax” posts. At a temperature control setting of 1600° F., tests using the 
different posts showed little change for mixture 2, while the strength at 8 min. 
exposure time for mixture 1, was much lower using the “mullfrax-S” posts. 
At a temperature control setting of 2000° F., tests using “mullfrax-S” posts 
showed an appreciable increase in strength. Tests on mixture 3 showed lower 
strengths with the “mullfrax-S” posts. 

69. Advantages of 1%-in. Diameter “Mullfrax-S” Posts. It is much easier 
to center the 1'%-in. diameter posts in the furnace. As the posts are the same 
size as the specimen, no trouble is encountered in centering the specimen on 
the lower post. These solid “mullfrax-S” posts were subjected to a maximum 
pressure of 673 psi. The limiting pressure that these posts will stand is not 
known. The “mullfrax-S” material is easily ground and shaped, making it 
possible to have very smooth ends. It is probable that these “mullfrax-S” posts 
are a satisfactory material, but after observing Fig. 4, users would not expect 
to obtain the same results as when using “carbofrax” posts. 


“Alfrax-K” Disks 
70. The present type of disk material is “carbofrax,” a high heat transfer 
material. “Alfrax-K” has a heat transfer value one-fifth of “carbofrax.” Disks 
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THE Carporrax Posts. 


of “alfrax-K” were obtained and used. The top disk broke with each hot com- 
pressive strength test. However, the results obtained were lower than those 
obtained when using the regular disks. Thus, the hot compressive strength 
may be profoundly changed by changing material used in the disks. A con- 
tinued study of disks and materials of construction should be made. 


Breaking of Platinum vs. Platinum-10 Per Cent Rhodium Thermocouple 

71. In the present furnace chamber, the controlling thermocouple bead is 
placed opposite the center of the specimen. Every so often, the thermocouple 
wires part just below the protecting shield. 


72. When the specimen breaks, sand grains fly. On January 17, a new 
bead was made on the controlling thermocouple. On February 4 (19 days 
later), the control system began to give trouble. The couple was removed for 
inspection. The bead was observed under the microscope and sand grains 
were found fused to the bead and wires below the protecting shield. The wires 
appeared almost notched through. The metallic surface, when it could be 
‘een, appeared crystallized in some definite pattern. Contamination, and its 
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resulting change in the electromotive force-temperature relationship, wa 
considered. 

73. From Langes Handbook of Chemistry*, it was learned that platinum 
can be contaminated by SiO,. When the thermocouple was checked agains 
a chromel-alumel couple, it was found that they agreed. Under conditions 
which the thermocouple is used, the bead and wires may be contaminated but 
the temperature -e.m.f. relationship gives true Platinum vs. platinum 10 per 
cent Rhodium readings. The thermocouple was used only two more days 
before the flying sand grains severed the wires and a new bead had to be made, 

74. At the same time as the thermocouple was being examined, it was 
noticed that the element, all around the specimen location, was covered with 
sand grains. These grains came from the specimens as they broke. The grains 
were removed easily when the element was cold. Because of the area covered 
by these sand grains, it is doubtful if the bead of the controlling thermocouple 
located level with the bottom of the upper post would be free from the abrasive 
flying grains. 


Temperature of Posts and Element (Methods A and B) 


75. Towards the latter part of 1943, a new technique for making the hot 
compressive strength test was proposed and designated as “Method B” by the 
maker of the dilatometer. “Method A” was the designation given to the tech- 


nique previously used. When using “Method B,” the furnace is preheated, to 
some temperature so that, when the furnace is lowered over the specimen, the 
controlling couple will. indicate “desired test temperature.” 


76. As previously stated, the controlling thermocouple registers only a com- 
promise temperature instead of the “desired test temperature.” Since the 
burden of proof rested with the writer, chromel-alumel thermocouples were 
secured to the upper and lower posts and the element to ascertain the tem- 
perature of each at a specified control setting. On the posts, the thermocouples 
were fastened to the faces presented to the disks. The thermocouple attached 
to the element was located as near as possible to the bead of the controlling 
couple. Sauereisen cement was used to fasten the thermocouples in piace. By 
means of a suitable switching arrangement, all temperature readings were 
made on one potentiometer. 

77. Test Procedure. Specimens were installed on the posts as specified by 
methods A or B. The average time to insert the specimen and close the furnace 
was 8 sec. Due to the large difference in temperature of the parts being meas- 
ured at 15 sec. intervals, it was impossible for the temperatures of the two 
posts and element to be taken during any single exposure time. The data 
given for the upper and lower posts and element at any chosen test temperaturt 
is taken from separate tests. Samples used were from the same mixture and 
all made at the same time. 


*p. 1195, First Edition 
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78. For “Method B,” the temperature to which the furnace was preheated 
for a test temperature of 1600° F. was 1825° F., and for a 2000° F. test tem- 
perature, the furnace was preheated to 2250° F. The idling temperature of 
the parts examined was taken after the furnace had idled overnight at the 
test temperature control-setting. Idling overnight was considered long enough 
for the furnace to reach its constant temperature condition. 


79. Results. Figure 5 shows the results obtained for “Method B” at a test 
temperature of 1600° F. Temperatures are plotted against specimen exposure 
times. The temperature drop of the upper post was surprising at first. It must 
be remembered that the lower end of the upper post, when the furnace is being 
moved, is in close relationship to the cooler part of the element, and when the 
furnace is in the upper position, the post end is very close to the water cooled 
electrode. The loss of heat by radiation is much greater. here than from the 
lower post which is in the open. Temperature conditions at the end of 5 min. 
exposure time were found to be above the “desired test temperature” of 
1600° F. 


80. Figure 6 shows the results for “Method B” at a “desired test tempera- 
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ture” of 2000° F. After 5 min. exposure time, it will be seen that temperatures 
were still above the “desired test temperature.” 

81. All tests were made using specimens made of washed and dried sand 
having good reflective properties. It will not be surprising if the temperature 
curves are quite different when specimens containing natural clay substance 
or other good heat absorbents are used. 

82. The temperature measurements using “Method A” (the usual tech- 
nique) were all made at a “desired test temperature” setting of 2000° F. 
Figure 7 shows the results obtained as the recovery time was changed for the 
2000° F. control setting. Data for the lower post is not shown, as it closely 
follows the curve for the element. Decreasing the recovery time indicated a 
greater over heating of the control setting. Curves for recovery times be- 
tween 2 min. and 55 sec. and 7 min. 55 sec. are not shown on Fig. 7 as they 
fall between the two shown. 

83. When using 36 volts for recovery and reducing to 30 volts at the 
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end of 2 min. and 15 sec. it was hoped that all parts concerned would be 
brought closer to the test temperature. Figure 8 shows the results obtained. 
It is reasonable to expect that this particular voltage and time of voltage 
change would be applicable only for the mixture tested. 


Size of Thermocouple Wires 


84. During a visit to the Naval Research Laboratory in September, 1943, 
the writer noticed the large size of the controlling thermocouple wires and 
the protecting shield used on the dilatometer in use there. Since the con- 
trolling thermocouple wires and protecting shield on the dilatometer at Cor- 
nell University were of smaller size, it occurred to the writer that there 
might be some difference in temperature measurement at the two labora- 
tories, due to this difference in size. 


85. Recently, and at temperatures below the boiling point of water, the 
writer has observed the following experiment performed to determine surface 
temperature: Two thermocouples of the same material, one of 28 gage wire 
and the other of 20 gage wire, were embedded to equal depths in an iso- 
thermal plane. The lead wires were perpendicular to the plane being meas- 
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ured and extended out into the room temperature. The 28 gage thermo- 
couple indicated from 25 to 30° F. higher than the 20 gage thermocouple. 
The reason for the difference was the ability of the lead wires of the 20 
gage thermocouple to conduct away more heat. 


Points to Consider Regarding Thermocouple 

86. Since the above variation of 25 to 30° F. occurs below the boiling 
point of water, the question immediately arose, what is probably the differ- 
ence in temperature indication from thermocouples of different sizes at 2000° 
F.? This subject has not been investigated in connection with the dila- 
tometer but the following points should be considered: 

(1) Heat will be lost by conduction along the thermocouple 
wires. Heat will be lost from the exposed bead and wires to the 
surrounding atmosphere. The larger the wire and bead the greater 
the heat loss, resulting in a higher element temperature to mait- 
tain the temperature control setting. 

(2) The Naval Research Laboratory consistently finds the peak 
strength, of the sand mixes tested, to be 200 to 400° F. lower than 
the peak strength temperatures found at Cornell University. The 
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difference in controlling thermocouple wire sizes at the two labora- 
tories could easily contribute much to the variation in test results 
previously reported. 

(3) The length of lead wire from the controlling thermocouple 
bead should not extend past the binding post block on the top of 
the furnace. Excess wire at the binding posts gives the opportunity 
for more heat loss to the room atmosphere. Two laboratories mak- 
ing check tests should have their extension leads to the control 
instrument made of the same materials and of the same lengths. 


(4) Since the steering committee of Subcommittee 6b7 has tem- 
porarily decided that the temperature traverse shall be used to 
determine the sample location, and in light of the preceding points, 
care should be taken to insure that the traverse thermocouple 
assembly be practically identical to the controlling thermocouple 
assembly. At each positioning of the traverse thermocouple, time 
must be allowed for the new rate of heat loss to become constant 
before the reading is taken. 


(5) A large difference between the size of thermocouple wire 
used and the bore of the protecting shield might increase the heat 
loss due to the chimney effect through the shield. 

(6) The writer has found a two section tube of clear fused 
quartz to be an excellent protecting shield. 


(7) One way to minimize the difference between the temper- 
ature control setting and the element temperature required to main- 
tain that setting, would be to use the smallest size wire possible 
and make a very small thermocouple bead. 


Alpha-Quartz in Western Bentonite 

87. As the cooperative program between the Naval Research Laboratory 
and Cornell University was being formulated, Prof. J. R. Moynihan agreed 
with the writer that a partial analysis of the bentonite used should be 
obtained. For the standardization tests, the Naval Research Laboratory split 
a bag of bentonite. They retained one part and shipped the other part to 
Cornell University. It so happened that this split bag of bentonite was of 
the same brand as the bentonite on hand at Cornell University. The writer 
secured an x-ray analysis of the two lots. 


88. The presence and amounts of alpha-quartz and alpha-cristobalite 
were desired. Mr. Stroupe, Cornell University, made the x-ray analysis and 
his conclusion follows: “Thus we come to the conclusion that, in the Cornell 
material, there is about 17 times as much bentonite as alpha-quartz per unit 
volume, whereas in the Navy material, there is only about eight times as 
much bentonite as alpha-quartz and consequently the amount of alpha- 
quartz per unit volurne in the Navy material is very roughly twice that in 
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the Cornell material.” No alpha-cristobalite was found in either stock of 
bentonite. 

89. Also a partial chemical analyses of the two stocks of bentonite wer 
obtained. These analyses along with the average analysis, as given in the pro 
ducer’s literature, and an analysis of a bentonite from Upton, Wyoming*, 
are shown in Table 5. 

90. The partial chemical analysis was made by Mr. Fainberg, Cornel] 
University. The two stocks of bentonite differed mainly in the percentages 
of the alkali oxides present. The green compression tests on the two stocks 
of bentonite differed 0.9 psi. Some part of this strength difference may b 
reflected in the alkali contents of the two stocks, due to the difference jn 
sizes of the sodium*and potassium atoms, and the amounts of each present 
The alpha-quartz in the bentonite may give the effect of imparting green 
strength to a sand mix as would the addition of the finest silica flour. 

91. The question then arose, would the two stocks of bentonite give th 
same results for the hot compressive strength test? In the cooperative tests 
made in December (third series) mixture 1 was made with “Navy” stock 
bentonite and mixture 2 with “Cornell” stock. The averages for the tests 
are found plotted in Fig. 2. In most cases, mixture 2 was found to give slightly 
higher hot compressive strength when the sample was broken within 10 se 
after starting the application of load. 

92. Another set of tests were made to compare the two stocks of ben- 
tonite. This time the bentonites were dried overnight in the oven to eliminat 
the effect of mechanically held moisture. In the hot strength tests, the com- 
pressive loading was done by turning the hand crank at 30 rpm. Table 6 
gives the results of the room temperature tests. 

93. Room Temperature Properties. These checked well with the possible 
exception of the dry compression strength. The dry compression tests were 
made using the dilatometer at room temperature. The loading was at the 
rate of 100 Ib. per min. as specified by the A.F.A. standard. The difference 
in green compressive strength for the two mixtures is approximately one ps. 

94. Hot Compressive Strength Tests. The averages for the hot compressive 
strength tests are plotted in Fig. 9. Comparing this set of tests with the 
previous set (Fig. 3), it will be found that the relative positions of the 
mixes are reversed. In the later set, mixture 2 is always lower in hot com- 
pressive strength whereas, in the previous test, mixture 2 was generally 


? . aan of 
higher. No comparison of actual test values can be made as the rate 0! 


table rise was not known for the two tests. ° 

95. The writer believes that further study of the constituents of bentonite 
would benefit sand control. If the amount of alpha-quartz in bentonite makes 
a difference, it could never be found by the empirical method of investigation 


a “Differential Thermal Analyses of Clay Minerals and Other Hydrous Materials,’ Grim, R. E., and 
Rowland, R. A., AmertcaN MINeraocist, vol. 27, no. 11, p. 756 (1940). 
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Table 5 


ANALYSES OF VARIOUS BENTONITES 




































































Navy Cornell Producer 
Substance Stock Stock 
SiO:, per cent 64.25 62.25 64.32 
4l,O,, per cent 21.06 21.57 20.74 
Fe.O;, per cent 3.31 3.60 3.03 
FeO, per cent 0.46 
MgO, per cent 2.30 
CaO, per cent 0.52 
NaO, per cent 3.24 1.39 2.59 
K,O, per cent (less than) 0.1 0.53 0.39 
TiO:, per cent 0.14 
H:O (chemically held), per cent 5.15 
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Grim and 
Rowland 
64.32 
20.74 
3.03 
0.46 
2.30 
0.52 
2.59 
0.39 
0.14 
5.15 


16. 9—Hot Compressive SrreNGTHS or MIxtTuRES IN TABLE 4 Ustnc Dirrerent Bentonite SAMPLES. 


Room TEMPERATURE PROPERTIES IN TEST CoMPARING BENTONITES 


Moisture, per cent 

Sample weight, grams 

Green Permeability 

Green Compression Strength, psi. 
Dry Compression Strength, psi. 


Mixture 1 
7.5 
159 
165 
4.9 
100 


Mixture 2 
7.6 


158 
176 


5.8 


100 
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OBSERVATIONS ON RINDING AND CorRING OF SAMPLE 

96. Shortly after the writer began work in March, 1943, he tested 
numerous samples at various temperature control settings to determine the 
retained compressive strength after a specimen exposure time of 20 min. 
The condition of the specimens on removal from the dilatometer for observa. 
tion is noted below: 

(1) At a temperature control setting of 1800° F., a circular crack 
could be seen on the top of the specimen which indicated that. 
after shock heating, the specimen was composed of two parts, a 
“rind” and a “core.” This rind had a wall thickness of 44-in. From 
a central horizontal crack in the rind, vertical cracks extended to 
the specimen ends. There were always six evenly spaced radial 
cracks in the rind on the sample top surface. In this, and subsequent 
observations on bentonite bonded mixes, the rind level was visibly 
above that of the core. It seems possible that this may be an exhibi- 
tion of alpha-beta quartz inversion. 

(2) At a temperature control setting 1900° F., the same was 
observed as at 1800° F. 

(3) At a control setting of 2000° F., there appeared one large 
vertical crack running the length of the specimen. On either side 
of the vertical crack, the rind had two levels with a gradual slope 
around the specimen between the two levels. The core level was 
still lower. After standing at room temperature for 8 min., the 
elevated part of the sample receded and the top was all at the 
same level. 

(4) At a temperature control setting of 2200° F., the circular 
crack appeared, and the rind wall thickness still measured 14-in 

(5) At a temperature control setting of 2400° F., the circular 
crack appeared on top, but was a little smaller in diameter, and 
the core diameter was 4-in. 

(6) At a temperature control setting of 2500° F., the same was 
observed as at 2400° F. 

97. The same kind of rind and core action was observed when the 
specimen exposure time varied from one to 20 min. Although Preston and 
White* were interested in a clay study, they may have given the explanation 
of the rind and core action found on sand specimens. 


98. This formation of rind and core suggests that the specimen should 
be under observation during testing. It also suggests that, from the hot com 
pressive strength test, only some “nominal” compromise strength of the 
rinded and cored specimen may be obtained. At some temperature control 
settings, the strength found may be dependent upon either the rind, the core, 
or both, and the respective areas presented to the external force applied. 


*Journat, American Ceramic Society, vol. 17, p. 137 (1934). 
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99. As the rind does not separate from the core in a true vertical plane, 
and as the contour of the rind-core interface undoubtedly varies from speci- 
men to specimen, this may be one reason for variation between tests. As 
dried or baked compressive tests at room temperature exhibit nothing visibly 
analogous to the rind-core action at elevated temperatures, the writer believes 
that there is an entirely different problem to solve when testing at elevated 
temperatures. 

100. An explanation of rind and core formation may be that all the 
sand grains in the rind have passed through the alpha-beta quartz inversion 
and have attained a temperature of at least 1037° F., and the grains which 
compose the core are likely at some temperature below 1037° F. 


101. One method which usually gives a demonstration of the rind-core 
action during the hot compressive strength test. follows. The test is made 
as usual, except that, during the compression loading, the furnace is in the 
upper position. (Caution: operator and observers should be protected from 
flying hot sand grains.) 


102. This phenomenon of a rind separating from a core at elevated tem- 
peratures in sand specimens, invites numerous questions regarding both the 
hot compression strength test and the expansion test. The writer expects to 
investigate the effects of this phenomenon on those tests: in the future. 


Nore 


103. The term “temperature control setting” has been used throughout 
this report. This term is used because the writer feels that the potentiometer 
registers only a Compromise temperature between the temperatures of the 
element and the specimen. 
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Appendix | 


Comments on Dilatometer Operation 
By H. W. Dietert*, Detroit, Micu. 


The following is presented in the hope that it will contribute to better 
dilatometer operation by those possessing such instruments. 


SPECIMEN POSITION IN FURNACE 


Length of the heat zone in the dilatometer furnace is substantially 4-in. 
in length and the center of this heat zone lies 34-in. above the center of the 
furnace. Thus, it is desirable to have the refractory posts of the dilatometer 
of such length that the center of the sand specimen will be located 34-in. 
above the center of the furnace, as illustrated in Fig. 10. 

Refractory posts of new dimensions now are available. In these new 
posts, the bottom post is one-inch longer and the top post one-inch shorter than 
previously. This makes it easy to place the specimen in position as described 
above. The furnace stop collar, on the right hand support post, may be 
adjusted to secure the mentioned positioning. 


Quartz TuBE ror ExPANsION TEST 


The present practice is to use a solid rod of quartz, silicon-carbide, or 
other refractory material, for measuring the volume change of a specimen 
in the dilatometer. A tubular member is lighter and is capable of carrying 
a greater load than a solid member. 

By employing a heavy-walled, clear, quartz tube in place of the solid 
clear quartz rod, it was found that the tube was superior to the rod for the 
expansion test. The tube measurement of 12-mm. O.D. with 3-mm. LD. 
which gives tube walls of 3-mm. is recommended in place of a solid rod. 


THERMOCOUPLE LOCATION 


Some investigators have expressed a desire to have the thermocouple 
inserted through the side of the furnace and through the heating element. 

Tests are under way in the author’s laboratory in which a thermocouple 
is inserted through the side of the heating element and another through 
the top of the furnace in the usual manner. Both couple ends are to be 
located at the center of the sand specimen and 90° apart. The side hori- 
zontal thermocouple reads 15° higher than the top vertical thermocouple. 
At present, no advantage is apparent in having a side inserted thermocouple. 


*Harry W. Dietert Co. 
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UPPER POST 


CENTER OF SAND SPECIMEN 
CENTER OF FURNACE 


BOTTOM POST 


Fic. 10—RecomMmenpep Location or Test Specimen 1n DILATOMETER. 


The vertical couple is better protected from crushed soft sand specimens. 
Better protection of the thermocouple by recessing the couple wire in the 
insulator end is under test and promises to be a step forward. 


AccurACY OF Hot STRENGTH READINGS 


A large number of items concerning test technique, uniformity of sand, 
thermal stability of the sand sample, and operation of equipment, must be 
under full control before consistent hot strength readings are obtainable 


Sand is a very sensitive material, responding instantaneously to any change 
in treatment. The above applies to all sand tests; and since the temperature 
factor is brought into high temperature testing, the task of controlling the 
conditions of testing has been enlarged. 

Enumerated below are some of the cautions that are to be observed in 
high temperature testing: 

1. The sand sample should be mixed uniformly and riddled 
through a No. 6 mesh sieve. 

2. The sand sample must be placed in an air-tight container 
immediately after riddling. 

3. Allow the sand to temper; that is, to age after mixing, a 
definitely stated time. Cooling and storage time after baking also 
should be standardized. 

4. Moisture in stored tempered sand migrates. This migration 
is minimized by frequent mixing in the sealed container. 

5. Weighed sand samples are to be used to obtain rammed sand 
sampling within 1/32 of the 2-in. length. 

6. Ends of stripping post, rammer plunger head, and dryer plates, 
when used, should be wiped with a cloth wetted with kerosene to 
avoid sand sticking to ends of the sand specimen. Ends of the 
sand specimen must be checked for parallelism and smoothness. 

7. Turn specimen tube and stripping post % of a revolution 
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after allowing weight of rammer plunger to come to rest gently 
on the sand. This insures correct alignment. Then pull out the 
stripping post support pin. 
8. Place a 1¥-in. diameter ‘flat face refractory against the bot- 
tom end of the specimen. With a rotary motion of approximately 
'4 revolution, lap or seat the disk firmly to the sand specimen. Ends 
of the sand specimen must be flat, smooth, and free of loose sand 
before fitting the disk to the sand specimen. Each disk must be 
checked previously for flat and smooth faces. On the top end of 
the specimen, place a flat-convex refractory disk. Examine the 
flat face for flatness, Rub disk against the face of a flat grinding 
block to remove burnt-on sand. Make certain that the disks are 
on the center of the specimen and that they do not rock. 
s, 9. In the case of green sand specimens, do not ram the specimen | 
1e until the furnace of the dilatometer is ready to receive the specimen. 
10. At the beginning of a test run, allow the furnace of ‘the 
dilatometer to remain at the chosen temperature for a period of 
Y2 hr. before it is used the first time for any new chosen testing . 
d, temperature. 


be 11. Operate the dilatometer on a routine established cycle of | 
le. preheating, charging furnace with sand specimen, soaking time, 
ge temperature recovery and manner of loading. ) 
re 12. Clean the top of the bottom post after each test. Maintain 


he the top of the bottom post flat by grinding the end of the post 
against a disk grinder. 
13. A sand specimen with the disks in place must not rock. 
Insert the sand specimen and the disk in place on the bottom post 
of the dilatometer with a pair of tongs having circular grips shaped 
to pick up bottom disk and sand specimen with one operation. 
14. A uniform loading table rise of 1-in. per min. which may be 
obtained by turning the hand crank 2 revolution per sécond, and is 
automatically obtained with motor operated dilatometer, gives satis- 
factory results for all molding materials tested to date. 
15. Molding materials that spall and crack badly when the 
dilatometer furnace at high temperature is lowered around them, 
are likely to give erratic hot strength readings, since they do not 
crack the same way or amount from one specimen to the next. It : . 
is recognized that such materials, including sand that spalls, are seat | 
of inferior quality and should receive some preliminary treatment four} 
to make them thermally stable. 
Some sands reduce in all strengths, such as green, dry, and hot, on storage. 
To show the effect of storage on the hot strength of one of these sands the 


on following test results obtained on green sand specimens are of interest: 
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Tested Shortly Tested 24 hours 
After Mixing After Mixing 
177—-2000-12-G 138—2000-12-G 
178 : 126 
173 148 
165 123 


173 Average 133 Average 


When carefully executed, standardized routine operations are followed in 
high temperature testing, one obtains consistent test results such as tabulated 


below for a thermally stable sand: 

63—2500-12-G 

63 

66 

63 

60 

However, any deviation from the above program results in erratic results, 

just as are obtained in a foundry making good and bad castings, seemingly 
from the same sand. High temperature testing is a good teacher for foundry- 
men, because it shows, from a casting standpoint, that the term “same sand” 
means little if we disturb a proven routine cycle of operation. 


CorrELATION OF A.F.A. 2x 2-IN. witH 14% x 2-IN. SpecIMEN REapiNGs 

It has been the desire of several research workers to find some way of 
correlating the permeability and strength readings of the 11% x 2-in. double- 
end rammed sand specimen with that of the A.F.A. 2x 2-in. single-end 
rammed specimen. 

The 1% x 2-in. specimen, rammed with the three drops of a 7-lb. weight 
falling 254 in. and employing a floating specimen tube during the ramming 
operation, is rammed more uniformly and of a greater mold hardness than 
is the A.F.A. 2 x 2-in. specimen. 

To cause the test readings of the 14-in. diameter specimen to be similar 
to those obtained from the A.F.A. 2-in. diameter specimen, all that is neces- 
sary is to reduce the ramming energy used on the former to produce specimen 
of substantially the same mold hardness, density and of about the same 
degree of non-uniformity of hardness as obtained in a 2-in. diameter speci- 
men. This sacrifice in uniformity may be well worthwhile to make it easier 
to correlate test results of the different specimens. 

When the 1%-in. diameter sand specimen is rammed with 2 drops, in 
place of 3 drops of the 7-lb. weight, permeability and green compression 
readings obtained from the A.F.A. 2-in. diameter and the 1'%-in. diameter 
specimens are identical, for all practical purposes. 

Comparative test data obtained from the standard A.F.A. specimen and 
the 1%-in. diameter specimen, as used in high temperature testing, are shown 
in Table 7. The data shown are of a special selected group of sands covering 
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extremes in physical properties. A good practical correlation is obtained jy 
all cases except for sand samples 6 and 7. Here is the extreme in gree 
compression strength, sample 6 with 0.91 psi. and sample 7 with 17.85 Di. 
Sample 6, with its low strength, has a high flowability of 84 per cen, 
while sample 7, with its high strength, has a low flowability of 65 per cent 
These wide variances caused the permeability of the 2-in. and the 11. in, 
diameter specimens to check poorly. However, these two good sands firt 
would be blended before being used in the foundry so that, from an operating 
standpoint, this inability of the two specimens to check is not too detrimental, 

Figures 11 and 12 show the correlation between permeability and green 
compression strength of the two specimens when the 1'%-in. diameter speci. 
men is rammed with two blows of the rammer. 

In summarizing, it may be stated that, from the information at hand, it 
seems desirable to change the number of rams from three to two drops for 
the 14% x 2-in. specimen so that practical correlation may be obtained be- 
tween the two sized specimens. Additional test work should be undertaken 
at an early date to add to our present knowledge on this particular question. 


FURNACE TEMPERATURE 
The physical properties of a foundry sand are instantaneously affected by 
elevated temperatures. Any change in temperature is easily noted on the 


hot strength and, since it takes time for the heat (temperature) to penetrate 
into the sand mass, the time of heat application is very critical. 
A good illustration of the rapidity of sand change when subjected to a 
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temperature of 2500° F. is found in Fig. 13. The hot strength developed by 
both a green and dry sand is shown from zero to 12 min. soaking time in a 
temperature of 2500° F. 


The sand composition was: 


74 per cent no. 17 Ottawa washed and dried sand 
20 per cent Silica flour 

4 per cent Bentonite 

2 per cent Cereal 
5.5 per cent Water 


Referring to Fig. 13, both the green and dry compression strengths of the 
sand are shown at zero time. The dry sand loses strength from 260 to 30 psi. 
in the first minute. This can be described as a reduction of the dry strength 
to hot strength. Then, from one to two min. soaking, the hot strength in- 
creases from 30 to 70 psi. which the writer wishes to describe as “pyro 
strength.” The pyro strength increases with an increase of fine siliceous 
material, for example, silica flour. When no fine siliceous material is present, 
no pyro strength is noted. The hot strength decreases on heating, usually 
0 a soaking period of 3 to 4 min. After a soaking period of from 3 to 4 


min, when fine siliceous material is present, as is the case of the sand in: 


Fig. 13, the hot strength increases on continued heating for extended periods 
into hours, 


The development of hot strength for a green sand is similar to that of 
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a dried sand, with the exception that there is a rapid rise in strength the 
first 30 sec. of heating. Referring to Fig. 13, it may be noted that the green 
strength of 6 psi. is converted to a hot strength of 78 psi. the first 30 sec. 
This explains why it is possible in the foundry to use green sand molds for 
many heavy-section castings because the heat of the metal will immediately 
produce a high hot strength on the face of a green sand mold. In many 
sand mixtures, this initial hot strength exceeds the hot strength produced 
by a longer soaking time. 


FuRNACE PREHEAT TEMPERATURE 


Data has been presented showing the importance of soaking time on a sand 
specimen at a given temperature. It is evident that the furnace temperature 
must be maintained at a definite chosen temperature during the chosen soaking 
time. The furnace temperature will drop when the heating unit is raised and 
then lowered around a cold sand specimen and the cooled bottom post. 

One method of operating the furnace is to have the pyrometer controller 
set at the temperature of test, for example, 2000° F. The furnace is raised, 
specimen inserted and furnace is lowered in an estabiished 7-sec. time interval. 

The voltage on the heating element of the furnace is so adjusted that the 
furnace will recover to the chosen test temperature at a definite time interval. 
for example, 6 min. This test method is designated as method A. 


ANOTHER OPERATION METHOD 


Another method of operation is to anticipate the furnace temperature drop 
during which the specimen is being inserted. This temperature drop is deter- 
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mined by trial runs in which the furnace temperature is raised a certain 
amount above the test temperature. For example, assume the test temperature 
is to be 2000° F. When the furnace is preheated to 2200° F., just prior to 
inserting the specimen, it is found that the furnace temperature will drop to 
9000° F. after the specimen has been inserted and the furnace lowered. In 
such an instance, subsequent to each loading, the furnace is preheated to 
9200° F. A furnace test temperature of 2000° F. is obtained immediately the 
soaking period starts and is easily maintained at that value throughout the 
soaking time cycle. This seems to be the correct manner of temperature 
control, since the specimen is subjected during the entire soaking time to the 
chosen test temperature. This is to be known as Method B. 

To illustrate the importance of standardization on some manner of tempera- 
ture control, the following data serves: 


Method A Method B 
6 Minute Temperature Recovery Furnace Preheated 
164—2000-12-G 187—2000-12-G 
152 182 
165 175 
Avg. 160 181 


A disadvantage of test Method B is the time lost in preheating and the fact 
that the additional preheated temperature subtracts from the life of the ther- 
mocouple. To eliminate these disadvantages, a new short upper post has 
been developed which is held in a bracket mounted on top of the furnace. 
A steel guide post passing through the top cross bar retains the present rigidity 
of the upper post. This new short upper post is grooved to receive the thermo- 
couple which gives improved protection to the couple. An air-tight seal also 
is obtained at the top of the furnace, which stops the air current through the 
furnace and increases the length of the hot zone. 

With this method of mounting, which may be readily attached to any dila- 
tometer not so equipped, the furnace is not cooled by raising it to the upper 
position. The degree of superheat required is less than 50° when operating 
at 2500° F. Thus, for plant control work, one could neglect the preheating 
cycle, since the furnace will recover the 50 degree drop quickly. However, in 
research tests, the Method B of preheating sufficiently to drop exactly to the 
chosen temperature, after the specimen has been inserted in the furnace, is 
recommended. 
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Appendix II 


Contributions on Rate of Loading of Specimen in the 
Hot Compressive Strength 


Test Data CoLteEctTep By H. Ries*, ITuHaca, N. Y. 


In making the hot strength test, the load may be applied by a motor driven 
device, or a hand operated one. 

The former, it is assumed, applies the load at a regular rate. In the latter 
case, the pressure is applied by means of a hand operated crank, and while 
this can be turned at a uniform speed, the rate of application of load will 
depend on whether it is turned slowly or rapidly and it has not been demon- 
strated as yet which rate is desirable. 

Some tests which have been made indicate that, with few exceptions, the 
sand shows a higher hot strength if the load is applied rapidly. 

It may be of interest therefore to give a few sets of figures. 

Test Series 1 (Table 8)—By L. B. Osborn, Hoagland and Hardy Co., Evans- 
ville, Ind. Test basis—Soaking time, 5 min.; temperature, 2000° F.; 2 x 2-in. 
specimens. It will be noticed from the data in Table 8 that in eight cases out 
of ten more rapid application of load produced a variable increase in the hot 
strength. In two cases the hot strength was less. 


Table 8 
Hot ComMpRESSIVE STRENGTH RESULTS 


Motor Drive, Hand Time, Hand 

Molding Sand 2.06 lb. per sec. Operation O peration 
1. 24 34 2 

53 104 

122 128 

162 164 

42 52 

58 90 

, 214 150 

8. 122 126 

9. 176 100 

10. 86 96 


okt on Oww D> w 


Test Series 2 (Table 9)—By R. H. Gowen, General Electric Co., Everett, 
Mass. The mixture contained 21.51 per cent silica flour, 0.84 per cent ben- 
tonite, and 1.24 per cent core oil. The remainder was sand with a fineness of 
30-40. The samples were soaked for 8 min. at 2500° F. 


*Technical Director, Foundry Sand Research Project. 
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Table 9 
ErFrect oF Rate oF LOADING 
VY Turn per Second 2 Turns per Second 

Time to Break Hot Strength, Time to Break Hot Strength, 
Sample, Sec. psi. Sample, Sec. psi. 

45 122 14 175 

38 121 12 228 

35 137 11 211 

42 118 11 200 

42 107 11 197 


Test Series 3—By H. W. Dietert, Harry W. Dietert Co., Detroit, Mich. 
Mr. Dietert claims that this series of tests illustrates how sensitive bentonite- 
bonded sands are to the rate of loading when in the plastic range, as for 
example 2000° F. His figures are shown in Table 10. 

Table 10 


EFrFect oF RATE oF LOADING 


30 rpm., Per Cent Variation 60 rpm., Per Cent Variation 

psi. from Average psi. from Average 
175 2.77 270 2.2 

175 2.77 235 14.55 

200 11.10 272 1.5 

175 2.77 328 18.8 

176 2.70 260 5.8 

Avg. 180 Avg. 276 


It seems that even these few sets of figures emphasize the fact that a uniform 
rate of loading should be adopted. What that rate is still remains to be proved. 

The figures of R. H. Gowen were obtained on a core mixture which con- 
tained very little bentonite; yet they show appreciable differences. 





DISCUSSION 


H. W. Dietert (written discussion): Hot strength test data between different dil- 
atometer units testing synthetic sand mixtures made on different days may be made to 
check very closely when the operators observe good sand testing technique in the mixing, 
preparation of the sand specimen, furnace temperature control, and use an agreed upon 
table rise per minute, for example—one inch per minute, to obtain an identical load 
application to the specimen. 

To illustrate that good test results may be obtained, Table 11 shows hot strength data 
obtained from two dilatometer units, designated A and B. The dilatometer unit A is 
hand operated while unit B is motor driven. 

It may be noted that good reproducibility is obtained for each series of tests and 
that dilatometer unit B test data is from 0.9 to 8.0 per cent lower than results obtained 
from dilatometer unit A. Considering the sensitiveness of the physical properties of 
foundry sands, these hot strength tests are equal to accuracies that are obtained in 
strength tests at room temperatures. 
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Table 11 


Hot ComMprRESSION STRENGTH OF A SAND MIxtTuRE DETERMINED 
on Two DmaToMeTEerR UNITS 
Test Conditions—Hot Strength at 2000° F., 12 min. soaking period; rate of table rise 
’ 


, 


one inch per min.; recovery, 4/2 min. 


Unit A, Unit B, 
psi. psi. 
117 113 
117 108 
112 93 
120 110 
112 
Average 116.5 107.2 
Max. Variation from Average 3.0 per cent 13.2 per cent 
Difference between A and B 8.0 per cent 


Check Test Three Days Later 
Unit A Unit B 
118 100 
120 103 
120 118 
108 108 
118 110 
Average 117 108 
Max. Variation from Average 7.6 per cent 7.4 per cent 
Difference between A and B 7.7 per cent 


Increase Voltage input by 2 volts, recovery time, 3% min. 
Unit A Unit B 

112 110 

118 108 

113 110 

118 108 

Average 115 psi. 109 psi. 

Max. Variation from Average 2.6 per cent 0.9 per cent 
Difference between A and B 5.1 per cent 


TEMPERATURE GRADIENTS IN FURNACE 


The temperature gradient found within the hollow tube forming the silicon-carbide 
heating element of the furnace, is very good when the air circulation through the 
furnace is eliminated by a refractory collar seal around the upper post at the top of the 
furnace. A short upper post also adds to the uniformity of the temperature within the 
furnace at the central working position. 

Figure 14 shows a temperature traverse obtained in a furnace with a short upper post 
and equipped to eliminate air-flow. The levels above and below the center of the test 
specimen at which temperature readings were taken, also is shown, as well as the read- 
ings themselves. 
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The length of the sand specimen is 2 in. so that a uniform temperature zone with a 


length of 4 in. is ample. The maximum temperature within this 4-in. length zone for 


a controlling temperature setting of 2500° F., is 20° F. or 0.8 per cent. The maximum 
variation within the zone in which the sand specimen is located is 5° or 0.2 per cent. 
This is excellent furnace performance at elevated temperatures. 
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Appendix Ill 


REPORT OF SuB-SUBCOMMITTEE ON RAMMER SUPPORTS OF SUBCOMMITTEE ON 
PHYSICAL PROPERTIES OF STEEL FouNpDRY SANDs AT ELEVATED TEMPERATURES 


Abstract 


At a meeting of Subcommittee 6b7 on Physical Properties of Steel 
Foundry Sands at Elevated Temperatures in Chicago, October 21, 1943, 
Chairman Finster appointed a sub-subcommittee to “investigate and 
standardize the method of ramming test specimens and of checking and 
standardizing tube and stripping post equipment.” The sub-subcom- 
mittee was composed of H. F. Taylor, Naval Research Laboratory, 
Washington, D. C., Chairman; H. W. Dietert, Harry W. Dietert Co., 
Detroit; E. Pragoff, Jr., Hercules Powder Co., Wilmington, Del.; and 
D. C. Williams, A.F.A. Research Fellow, Cornell University, Ithaca, 
N.Y. This report summarizes the work done by the sub-subcommittee 
on rammer supports and was performed at the Naval Research Labora- 
tory under the direction of Mr. Taylor. In this study, various methods 
of supporting the A.F.A. Standard sand rammer were examined to find 
their effects on sand strength and permeability. It was found that 
shock absorbing supports were unsatisfactory. Several acceptable 
methods are described. Mr. Williams is making further studies on 
the specimen tube which will not be reported herein. 


HIsToRICAL BACKGROUND 

There has been considerable discussion regarding the cause of variations 
in sand test results between various laboratories when an attempt is made to 
check techniques. One of the conditions suspected of causing variable results 
is the foundation of the sand rammer. It is agreed generally that it should be 
as solid as possible but laboratories differ in their interpretation of the degree 
of solidity necessary. Interest in standardizing all testing methods is particu- 
larly acute at this time because of the recent work of testing sands at elevated 
temperatures. 


Types of Rammer Supports 

At the Naval Research Laboratory, one rammer is mounted on a cast iron 
pedestal and the other is mounted on an 8-in. wooden post, both extending 
down to the concrete floor. Another laboratory uses a 1 x 18x 22-in. steel 
plate which rests near the center of a large table. Concrete or wooden posts 
are frequently used for foundations, while some rammers are secured to a 
table directly over one leg. On the underside of the rammer base is a boy 
which is designed to make good contact with the supporting foundation. h 
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has been noted, however, that in some cases, the boss is not in a plane with 
the feet at the corners of the rammer. Consequently, if the rammer is placed 
upon a flat surface, it will be supported only at the corners and will give a 
springy reaction. 
Variations in Technique 

Variations also are possible in the method by which the weight is raised 
and dropped. On rammers equipped with cams and cranks, the speed at 
which the crank is turned, and the way it is manipulated, seem to affect the 
results. On rammers without cranks, variations result from the manner in 
which the operator holds and releases the weight. Unless the hands are 
removed quickly they will absorb some of the energy of the drop. These, how- 
ever, are variables which can be standardized readily for any given laboratory. 


EXPERIMENTAL PROCEDURE 


To determine the importance of securely mounting the rammer, a series of 
tests was made. As a preliminary step, the bottom on the rammer was machined 
flat and scraped to match a surface plate. It was decided to mount the rammer 
on several types of foundations, including one with shock absorbers, and to 
place steel blocks of various weights between the rammer and the shock 
absorbers to see if it is possible to have a large enough reaction block to deliver 
all of the ramming energy to the specimen, regardless of the springiness of 
the foundation. 


Mixture Used 


A 200-lb. batch of sand was mixed, containing 188 Ib. of washed silica sand, 
10 tb. of western bentonite, 2 Ib. of corn flour binder and approximately 4 per 
cent water. This was mixed for one minute dry and mulled for 5 min. wet. 
It was then screened through a %-in. mesh screen, placed in a 10-gal. galvan- 
ized can with a tight fitting cover, and left to temper overnight. 

Before starting tests the next morning, the sand was stirred in the can and 
a small amount removed and screened again. This was placed in a gallon jar 
which was sealed immediately. Each series of tests consisted of ten determina- 
tions of green permeability and green compressive strength. The weight of 
the specimen also was recorded. A slight correction was made when necessary 
on the weight of the second or third specimen. Figures 15 to 32 show the 
apparatus used and the green permeability and green compressive strength. 
In each of the 18 figures, the last line of the data shown is the average of the 


ten tests. 


DiscussION oF RESULTS 


Series 1 to 6 (Figs. 15 to 20 inclusive) were made with the rammer resting 
on a spruce board 1x 12x60 in., which was supported at each end by a 
brick, so that the unsupported length was 52 in. In Series 1, the rammer base 
was clamped directly to the board as shown in Fig. 15. In Series 2 to 6, addi- 
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tional weights were added between the base of the rammer and the board. 
as shown in Figs. 16 to 20, inclusive. 

It was thought that it might be possible to add enough mass so that energy 
from the drop weight would all be transferred to the specimen. The average 
of these six series of tests show that with 166 lb. underneath the rammer, com- 
pressive strength values are still lower than for a solid foundation. Since green 
compressive strength seems to be the most sensitive test, the results of this test 
will be discussed instead of density and green permeability. These values aiso 
are reported in the tables, for general interest. 


First Test Series 


Series 7 (Fig. 21) shows the results of placing the rammer on the concrete 
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floor. The weights were placed under the rammer, but at this time no method 
was available for fastening the assembiy to the floor. The average green com- 
pressive strength was 7.244 psi. The last figure has little significance and is 
retained only for computing per cent deviation from the average results. 
Extrapolating the curve shown in Fig. 33 to intersect the strength value pro- 
duced by placing the rammer on the concrete floor, indicated the possibility 
that placing weights totalling 250 lb. under the rammer base might give results 
equal to those produced when the rammer was placed on the concrete floor. 
In later tests, this did not prove to be the case. 

As an alternative to the board, a group of rubber shock absorbers was placed 
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under a stack of five weights as shown in Fig. 22. The green compressive 
strength produced in this case was 6.962 psi. A similar arrangement was tried 
with only one weight between shock absorbers and the base of the rammer. 
It is shown in Fig. 23. This mounting produced a green compressive strength 
of 6.866 psi. Thus, it is seen that even with a weight of 166 lb., maximum 
compressive strength can not be developed on shock absorbing devices. 
Series 10 (Fig. 24) shows the effect of placing the rammer on the iron 
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stand which has been used here for several years. The strength produced was 
7.236 psi. This checks very closely with that produced with the rammer on 
the floor. 

Series 11 (Fig. 25) includes only five tests and was made with the rammer 
fastened to the top of the table over one leg. The table top was a 2-in. plank, 
and the legs were 4x 4-in. square and about 30-in. long. The strength pro- 
duced was 7.294 psi. 

Second Test Series 

The tests described above were completed on the same day. Two days 

later, seven more series of tests were run which were made on the same batch 
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of sand, but the results are not necessarily comparable to those from the tests 
described above because the sand had two additional days to temper. The 
first of these tests, Series 12 (Fig. 26), was made with the rammer fastened 
to the concrete floor by small expansion shields called corkers. Care was 
taken to select a very flat area on the concrete. The strength produced was 
7.472 psi. 

Series 13 (Fig. 27) was made with the rammer placed on rubber shock 


absorbers with weights totalling 261.7 Ib. The strength produced was only 7.138 


psi., which is well below that produced by a rigid support. 
In Series 14 (Fig. 28), the rammer was placed on a wooden foundation 
consisting of a cylindrical post of 8-in. diameter and 38-in, high, to the top 
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of which was fastened an oak block 2x 7x 10-in. The post was fastened to 
the floor and the rammer secured to the top. The strength produced was 
7.471 psi., which is almost identical with that produced when the rammer 
was on the concrete floor. 

The tests on the iron stand were made by two different operators and are 
shown as Seriés 15 and 16 (Figs. 29 and 30) and in Table 12. The strength 
of the specimens made by the first operator was 7.368 psi., while that pro- 
duced by the second was 7.489 psi., a difference of 0.121 psi. The average 
of these results is 7.428 psi. The deviation from the average is 0.06 psi. and 
the per cent deviation is 0.8 per cent. This is believed to be satisfactory 
agreement for tests of this type. 


Third Test Series 


To give the shock absorbing devices the best possible test, it was decided 
to run one more series with a heavier weight than had been used previously. 
The board was used as before and loaded with steel blocks with weights total- 
ling 328 lb. The rammer was clamped on top of these and ten tests were 
made in which the green compressive strength averaged 7.210 psi., as shown 
in Series 17 (Fig. 31). From this it is concluded that it is not practical to 
use shock absorbing devices or other non-rigid supports. 


Fourth Test Series 


For the final series of tests, the corner of the table was sanded to a very 
flat surface and the rammer clamped tightly to it. These tests, Series 18 
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Fig. 32), produced a green compressive strength of 7.526 psi. The average 


results from the 18 series described above are shown on Table 12. 


CoMPARISON OF TEST RESULTS 


Since these tests were made on different days, those made the first day 











SERIES 16 
or ; 

AFA Sand Rommer Weight a 
154 | 126 
154 | i26 
| iS4 | i286 
& 1s4 i _ 126 
154 | we 
[se | 126 

[isa |e 
|___ tsa > 
154 | 126 
__ 154 } 126 

Iron Stand — Averege | 126.2 





wis i, . 
deities Floor 


T 


Green 
| Come. Strength 


7.48 


7.52 _ 


Fic. 30—A.F.A. Sanp Rammer Mounrtep on Iron Stanp, 2np Operator. 





FourtH Hic TEMPERATURE SAND Repogr 


SERIES 17 





AFA. Sand Rammer Gesn 
Permeability 
128 
128 
126 
128 
128 
Stee! Weights (3Z8 ze 
128 
128 
i268 
























































Fre. 31—A.F.A. Sanp RaMMER MouNntTep ON Woopen Beam witH 328-Ls. Reaction Brock. 


are not comparable to those made two days later. To form a basis for com- 
parison, it was decided to average the results of tests made on the rigid sup- 


ports for each day separately. The individual results for each day then may 
be discussed as percentage deviations from the average for that day. This 
information is shown in Table 13. The green compressive strength is 0.207 
psi. higher on the second day than on the first. The maximum deviation from 
the average was 1.30 per cent and the average deviation from the average 
only 0.45 per cent. 


CoNCLUSIONS 
From this work, the following conclusions may be drawn: 
1. Between specimens rammed on rigid and non-rigid supports, 
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Table 12 


SUMMARY OF TEST RESULTS 


Green 
Specimen Compressive 
Date of Series Weight, Green Strength, 
Test No. grams Permeability psi. Description of Foundation 
1 152 128 6.623 Board as described 
2 152.5 126 6.495 Board with 29.5 Jb. 
3 153.5 121.6 6.704 60.5 Ib. 
4 154 123.2 6.753 95.6 Ib. 
5 154 122.8 6.968 130.9 Ib. 
11/17/43 6 154.5 119 7.052 166.0 Ib. 
7 155 112.3 7.244 Concrete floor plus 65 Ib., no corkers 
8 154.5 119 6.962 Shock absorbers plus 166 Ib. 
4 153.5 128 6.866 35.1 Ib. 
10 155.5 115 7.236 Iron stand 
Lt & 155 115 7.294 Corner of table 
12 155 118 7.472 Concrete floor—corkers 
13 154 123.2 7.138 Shock absorbers plus 261.7 Ib. 
14 154.5 122 7.471 Wooden post 
com- 11/19/43 { 15 154 125.6 7.368 Iron stand 
16 154 126.2 7.489 Iron stand 
ind fe 128 7.210 Board with 328 Ib. 
may 18 154.5 126 7.526 Corner of table 
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Table 13 


COMPARISON OF RESULTS ON DIFFERENT Days Usinc Ric Founpatioys 


Series Average of Deviation from Per Cent Deviation 
Date No Series, psi. the average from the average 
0.014 0.19 
0.022 0.30 
0.036 0.49 
Average compressive strength on rigid 


11/17/43 10 
L a 


~I a3 «3 © 


foundations 


0.007 0.09 
0.006 0.08 
; 0.097 1.30 
489 0.024 0.32 
526 0.061 0.82 
.465—-Average compressive strength 
on rigid foundations. 


a difference in density, permeability and strength exists. This dif- 
ference is most easily detected in the green compressive strength 
tests. Values for the conditions tested ranged from 6.50 to 7.53 psi. 

2. Non-rigid supports should not be used. These include wooden 
tables, tables on wooden floors, etc. Setting the rammer over the 
leg of a heavy table seems to be very satisfactory if supported on a 
concrete floor or foundation. 

3. Shock absorbing devices, even with large weights between the 
rammer and the shock absorbers, do not produce specimens equiva- 
lent to those made on rigid supports. 

4. Only minor differences were found to exist between the vari- 
ous types of rigid support. Steel, concrete or wooden columns, 
securely anchored, with the rammer fastened tightly to the top, are 
ill satisfactory. They should rest on a substantial floor, preferably 
of concrete. Mounting the rammer directly over the leg of a heavy 
table produced good results. In this case, care should be taken to 
be sure that the fit between the rammer base and the table top is 
good. 

5. All four legs and the boss under the drop weight should bear 
on the support and the rammer should be securely bolted down. 

6. It is desirable to have the bottom side of the rammer base 
machined flat or at least so that the boss and all the legs are in the 
same plane. A good fit to any flat surface is then assured. 
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Development and Properties of Sand Cast Aluminum Alloy 
Having High Strength After Ageing Without 


Previous Heat-Treatment 


By Hiram Brown’, Niacara FAuts, N. Y. 
b ] 


Abstract 


The author has described the development and properties of a sand- 
cast aluminum-base alloy containing magnesium, zinc, and small amounts 
of titanium and chromium. This alloy has the ability to develop high 
strength properties on ageing without undergoing previous heat treatment. 
Throughout the article the author refers to the alloy as alloy B-81. 


INTRODUCTION 


|. High strength aluminum-zinc-magnesium alloys have been known and 
used in Europe for a long time, particularly in Germany. However, it has 
been only within the past few years that an alloy of this type has been accepted 
for wide commercial usage in the United States, although some aluminum- 
zinc alloys have been used for special purposes for quite a few years. 

2. Alloys of the aluminum-copper type have been most prominent in this 
country chiefly due to the fact that copper was plentiful and strengthens alumi- 
num effectively even in small amounts. Other contributing factors are that 
these alloys are easy to work with in the foundry, and a wide range of physical 
properties could be obtained by varying the copper content, even before the 
eect of heat-treatment was discovered. With heat-treatment even higher 
strengths, with fair ductility, were found to be possible. 


DEVELOPMENT OF ALUMINUM-MAGNESIUM-ZING ALLoys 


3. It was Alfred Wilm who, over thirty years ago in Germany, first dis- 
covered that an aluminum-copper alloy of the Duralumin type could be aged 
precipitation hardened). He found that an alloy consisting principally of 
aluninum with copper and a small amount of magnesium possessed the 
peculiar property of hardening slowly after it had been subjected to an appro- 
priate high temperature heat-treatment, with an accompanying increase in 

*Metallurgist, Frontier Bronze Corp. 


M ore: This paper was presented at an Aluminum and Magnesium Session of the 48th Annual 
“eeting, American Foundrymen’s Association, Buffalo, N. Y., April 25, 1944. 
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physical properties. This discovery was the beginning of the aluminum heat. 
treating industry, although it was much later that any theories were advanced 
as to the probable cause of the phenomena. Although this momentous dj. 
covery was made in Germany, the use of aluminum-copper alloys was more 
widely accepted in America than it was in European countries. This was due 
to the fact that European nations did not have access to copper resources as 
large as ours and it was necessary for them to import most of their copper. 
The result was that those nations were forced to turn to other alloying ele- 
ments such as zinc, magnesium, and silicon, which could be more readily 
obtained. It was soon found that aluminum-zinc-magnesium alloys were 
capable of attaining very high strength and could also be heat-treated and 
aged (precipitation hardened) to even higher strength. 

4. Despite the progress made with aluminum-zinc-magnesium alloys, they 
were not widely used in the United States because several disadvantages 
became associated with these alloys. It was found that aluminum alloys with 
high zinc and* magnesium were difficult to fabricate, and had low corrosion 
resistance and a decided susceptibility to stress corrosion cracking. Fabricating 
difficulties have been overcome by lowering the magnesium and zinc content, 
and it was proved that elements other than zinc and magnesium caused the 
corrosion and stress corrosion cracking difficulties. This is covered in detail 
further along in this paper. However, by the time these defects were cor- 


rected, the aluminum-copper and aluminum-silicon alloys had gained wide- 
spread usage, and aluminum-zinc-magnesium alloys had to fight their way 
through the barriers of out-moded prejudices and the popular acceptance of 
other aluminum alloys which made consumers reluctant to accept new alloys 
in the place of old stand-bys. 


5. The aluminum-zinc-magnesium alloys have been able to overcome the 
obstacles and prove their worth, but until recently progress has been slow. 
Guertler and Sander’ made a valuable contribution when they found that 
excellent results were obtained when zinc and magnesium were present in the 
amounts necessary to combine completely to form the compound MgZn:. 
This compound is believed to be principally responsible for the ageing of such 
alloys. Guertler and Sander found that improvement in tensile strength for 
aluminum-MgZn, types of alloys commenced with about 4 per cent )y 
weight of MgZn.. It was also noted that too large a percentage of MgZn; 
decreased the workability of the alloys. Improvement in tensile properties was 
obtained by quenching followed by either natural or artificial ageing. 

6. Fuller and Basch* made still further advancement when they found that 
best properties were obtained by limiting the zinc to 4-6 per cent and the mag- 
nesium to 0.5-1.25 per cent. They found that aluminum alloys within those 
ranges flowed freely in molds, produced castings having sharp outlines, and 
could be worked readily by machine tools. Thus the zinc and magnesium 


1 Superior numbers refer to references at the end of this paper. 
*General Electric Co. 
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limits were defined at low percentages. This indicated that the rigid ratio of 
zinc and magnesium necessary to completely form MgZn, did not give the 
optimum results, and that other ratios of magnesium and zinc gave better 
properties. 

7. Comstock** further improved the alloys when he found that excellent 
tensile properties could be obtained from alloys containing zinc and magnesium 
within essentially the same range as Fuller and Basch, but not necessarily in 
the ratio of MgZnz. Best results were obtained with magnesium-zinc ratios 
which did not hold to the MgZn, formula, since it was found that other con- 
stituents were effective in strengthening the alloys. The series of alloys was 
further improved when Comstock found that chromium and titanium were 
beneficial for grain refinement, corrosion resistance, and increased strength. 
High strengths were obtained without the use of any heat-treatment. 


8. It was subsequently found that best all around properties were obtained 
with an alloy** having the following composition: 


TEE Rarery se age eae ara oe 5.25 per cent 
Gs cin oda 0s hooks gem 0.50 per cent 
SE ni dsint cn bas te9,0 » & sean 0.50 per cent 
RE inh dawned 6 6 cic 0s o0'0 0% 1.00 per cent max. 
pe ee 0.2 percent 
RTE sc ekonsccesss sateen 0.4 per cent 
a bie a wks 209.400»: 0.3 per cent 
Ge a ro 0 nods ce trades es Remainder 


This alloy was found to have good casting properties and to be without many 
of the disadvantages earlier associated with aluminum-zinc alloys. The lower 
zinc and magnesium contents made the alloy easier to fabricate. 


AGEING 


9, The outstanding property of this alloy, however, is its ability to attain 
high strength by natural ageing. Many alloys will age after solution or quench- 
ing heat-treatment. Aluminum-zinc-magnesium alloys were found to age 
rapidly at room temperature or to respond readily to artificial ageing after a 
solution heat-treatment to give very high physical properties. Alloy B-81 has 
been found, however, to attain high physical properties by natural ageing or 
artificial ageing without a previous solution or quench heat-treatmentf. 


10. Physical properties obtained with ageing are equivalent or superior to 
most of the cast high-strength, heat-treated alloys. 


oepenham Alloy Mfg. Co. 
f MENDED PRACTICES FOR THE Some Gases ¢ nf Non-Ferrous A..oyvs, published by the American 
sndeyen's As s Association, 1944. Page 1 go, (Aner, BS 

This ageing consists sa 10 hr. at 356° F 10° ? and was perfected by General Electric Co. 
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11. The following properties of the alloy B-81 have been specified in Amy. 
Navy Air Corps Specifications AN-A-17: 


Yield Strength, min., 20,000 psi. 
Tensile Strength, min., 32,000 psi. 
Elongation, min., 3.0 per cent in 2 in. 


Other specifications covering the same alloy are U. S. Navy Bureau of Ship 
Specification 46A1(INT), Class 1, and A.S.T.M. Specification B26-41T 
Alloy ZG41. 

12. The term “ageing” is used in this paper to mean general improvement 
of various mechanical properties in the course of time. Natural ageing means 
that the process is carried out at normal room temperature, while artificial 
ageing means that a temperature higher than room temperature is used. 

13. After alloy B-81 is cast and allowed to stand at room temperature, a 
change in physical properties takes place, rapidly at first, then more slowly 
later in the process. Yield and tensile strengths are raised considerably and 
elongation is progressively decreased. The properties of the alloy reach the 
above specifications within three weeks at room temperature and increase very 
little thereafter. If it is undesirable to wait for the natural ageing cycle, the 
alloy can be artificially aged in a matter of hours to meet the required speci- 
fications. 

14. The ability of this alloy to age to high physical properties is the answer 
to many jobs that heretofore have caused numerous headaches as a result of 
the warpage, distortion, and cracking resulting from quenching from high 
temperatures, and other difficulties commonly associated with heat-treating. 
It also has made possible the casting of large pieces which would otherwise 
necessitate large, expensive heat-treating equipment, and has thus made pos- 
sible the casting of high strength aluminum in foundries which do not have 
the facilities for heat-treating aluminum alloys. Many foundries which never 
before made high strength aluminum alloys have found alloy B-81 a welcome 
addition to their alloy list. This is particularly true of smaller foundries, as 


well as large ones. 


Mechanism of Ageing 


15. The phenomena of ageing are dealt with at length in other papers on 
this alloy.*> However, in order to facilitate the interpretation of the data and 
comments of this paper, it seems worthwhile to repeat some of the informa 
tion at this time. Just what ageing is and how it takes place have been widely 
debated for years without a decision. However, each investigator contributes 
some valuable information which helps to clarify the issue a little. As a matter 
of fact, it has been only recently that any workable theories have been evolved. 

16. Ageing can occur in an alloy when some constituent is more soluble 
at a higher than at a lower temperature. When an alloy is cast and subse- 
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quently allowed to cool, the rate of cooling, even though it is relatively slow, 
i; not slow enough to maintain equilibrium conditions. In the solid metal 
grains are trapped constituents in solution which would have precipitated as 
the temperature decreased had cooling been sufficiently slow. The result is 
that the metal is not stable since there is a natural tendency, slow at ordinary 
room temperature and more rapid if the temperature is raised slightly, for the 
excess constituents to precipitate so that stabiliy can be achieved. This precipi- 
tate is so finely divided that it usually is not seen under the microscope and so 
has been described as sub-microscopic. Recently several investigators have 
reported that by extremely careful polishing and etching they have been able 
to see this precipitate in the early stages of ageing.* Others have not confirmed 
these findings. The usual experience is that when the particles become visible 
under the microscope the ageing has passed its most effective limit.’ 

17. It is known that the size and extent of distribution of the precipitate 
have a pronounced effect on the mechanical properties. There seems to be a 
“critical” precipitate particle-size that exerts a maximum influence on the 
properties. When this size is exceeded, the effect of the precipitate is much 
less. Best tensile properties usuall:; result from the most highly dispersed con- 
dition of the precipitate with the finest possible state of division. In alloy B-81 
this occurs with natural ageing. This is verified by the fact that while yield 
strength increases with artificial ageing treatment of 10 hours at 356° F. 
(180° C.), the tensile strength and elongation are lower than the same proper- 
ties obtained by natural ageing. Several examples of thi$ are given in Table 1. 


Table 1 


COMPARISON OF TENSILE PROPERTIES RESULTING FROM NATURAL AND 
ARTIFICIAL AGEING OF ALLoy B-81 


Yield- Tensile- Elongation, 

Strength, Strength, Per Cent 
Heat No. Treatment psi. psi. in 2 in. 
C173-6 10 hrs., 356° F. (180° C.) 26,200 34,000 5.5 
Ci73-6 21 days, room temp. 23,150 38,200 9.25 
C149 10 hrs., 356° F. (180° C.) 25,350 33,800 4.5 
C149 = 21: days, room temp. 24,000 37,450 8.0 
C164 10 hrs., 356° F. (180° C.) 27,500 34,700 5.0 
C164 21 days, room temp. 24,200 37,000 8.0 


Overageing 


18. This decrease in tensile strength with increase in temperature is believed 
to be due to the fact that with higher temperature the critical size of the 
precipitate is exceeded and maximum effect is not achieved. Overageing is 
the term usually applied to such action, and the degree of overageing depends 
upon the temperature. Artificial ageing accelerates precipitation because the 
higher temperature increases the mobility of the atoms and thus increases the 
rate at which the precipitate can form. It is possible that when the mobility 
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Table 2 


Errect oF Time at 356° F. (180° C.) on TENSILE PROPERTIES OF ALLoy B.} 
Yield- Tensile- Elongation, 
Strength, Strength, Per Cent 

Hours at Temp pst. psi. in 2 in. 
6 23,950 32,150 5.0 

10 23,700 33,000 5.75 
14 25,300 32,000 6.0 
18 23,700 32,000 6.5 
24 25,000 32,650 6.0 


of the atom is too great, several precipitate particles may join to form a single 
large particle, thus reducing the effect of the critical size, and resulting in 


weakening or overageing. 


Artificial Ageing 


19. The question then arises why artificial ageing should be used at all. 
In many cases it is neither desirable nor possible to wait three weeks for 
natural ageing to take place. Artificial ageing cuts the time to a matter of 
hours instead of days, casting strains are relieved, and the metal is stabilized 


so that close-tolerance machining can be done without growth or warpage 
occurring. Castings of all sizes, shapes, and thicknesses have been machined 
to close tolerances after artificial ageing. 

20. The artificial ageing of alloy B-81 is much more sensitive to tempera- 
ture than it is to time. For example, test bars were held at 356° F. (180° C. 
for periods of from 6 to 24 hours. After 6 hours there was very little change 
in tensile properties even after holding at temperature for 24 hours, as shown 


‘in Table 2. 
Table 3 


Errect oF Houprnc Bars or ALLoy B-81 ar Room TEMPERATURE FOR 21! 


Days Arrer AGEING aT 356° F. (180° C.) 
Yield- Tensile- Elongation, 
Strength, Strength, Per Cent 
Treatment psi. psi. in 2 in. 
6 hrs., 356° F. (180° C.) 23,950 32,150 
6 hrs., 356° F. + 21 days, room temp. 23,350 32,600 
10 hrs., 356° F. (180° C.) 23,709 33,000 
10 hrs., 356° F. +- 21 days, room temp. 24,450 32,450 
14 hrs., 356° F. (180° C.) 25,300 32,000 
14 hrs., 356° F. + 21 days, room temp. 24,250 32,700 
18 hrs., 356° F. (180° C.) 23,700 32,000 
18 hrs., 356° F. + 21 days, room temp. 24,000 32,000 
24 hrs., 356° F. (180° C.) 25,000 32,650 
24 hrs., 356° F. + 21 days, room temp. 24,950 32,000 
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Table 4 
Errect oF Time at 400° F. (204° C.) on TENSILE PRopEeRTIES OF ALLoy B-8] 
Yield- Tensile- Elongation, 
Strength, Strength, Per Cent 
Hours at Temp. psi. psi. in 2 in. 
18,350 29,900 11.75 
2 19,450 29,700 9.0 
4 20,200 28,000 8.25 
6 18,675 27,700 10.0 
10 18,100 26,650 10.5 
14 18,950 27,200 9.5 
10 hrs., 356° F. (180° C.) 25,200 33,600 7.0 


21. To find whether the properties obtained in Table 2 were stable, bars 
from the same heat, and aged with those represented in Table 2, were held for 
21 days at room temperature and then tested. The comparison of these bars 
with those pulled immediately after ageing (Table 2) is shown in Table 3. 
No notable increases or decreases in properties were found, indicating that 
the metal properties were well stabilized after the ageing treatment of 10 
hours at 356° F. (180° C.). 

22. It should be noted at this point that none of the test bars used in any 
of the tests presented in this paper were cast under research or laboratory con- 
ditions. All bars were taken from regular production runs in the foundry. 
For that reason, the properties shown are not always far above specifications. 
The primary purpose of these tests was to find procedures which will apply 
to regular production rather than to selected heats made under ideal con- 
ditions. 

23. On the other hand, when the temperature was raised to 400° F. 
204° C.), overageing and consequent poor properties were obtained after as 
little as two hours, as shown in Table 4. 

24. It has been shown in a previous paper® that tensile properties of bars 
aged at 400° F. (204° C.) and above are not stable, but show considerable 
change in properties when allowed to stand at room temperature after ageing. 

25. There is also a definite effect due to the holding time room tempera- 
ture before artificial ageing. Table 5 shows that bars held at room tempera- 


Table 5 


Errect oF Time AT Room TEMPERATURE Berore 10 Hours at 356° F. AGEING 
ON TENSILE PROPERTIES OF ALLOy B-81 


Yield- Tensile- Elongation, 
Time at Room Temp. Strength, Strength, Per Cent 
Before Artificial Ageing psi. psi. in 2 in. 
24 hours 23,800 32,450 7.0 
48 hours 25,200 33,450 4.75 
72 hours 25,350 33,800 4.5 


7 days 25,650 35,550 5.5 
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Table 6 


COMPARISON OF TENSILE PROPERTIES OF Bars oF ALLoy B-8! AFTER 
QUENCHING WITH THOSE ARTIFICIALLY AGED 

Yield- Tensile- Elongation, 

Strength, Strength, Per Cent 

Treatment psi. pst. in 2 in, 

2 hrs., 1090° F. (588° C.), water quench 15,900 30,750 9.75 
2 hrs., 1090° F. (588° C.), water 
quench -+ 21 days room temp. 550 34,700 4.25 
300 34,500 4.5 


> 


27 
10 hrs., 356° F. (180° C.) 27, 


ture for 48 hours before artificial ageing have higher yield and tensile strengths 
and lower elongation than those held only 24 hours before artificial ageing. 
Bars held 72 hours before artificial ageing do not show enough increased 
strength to justify the extra 24-hours holding. Bars held seven days gave better 
properties than those held 24, 48, or 72 hours, but again the time element 
makes this holding period impractical. 

26. Table 6 shows the comparison between artificially aged bars and bars 
quenched from high temperature and naturally aged for 21 days. 


Reageing 


27. Previous investigations’ have shown that the alloy B-81 also possesses 
the ability to reage when cooled to room temperature after exposure to high 
temperature. Table 7 shows that test pieces held for 2 hours at temperatures 
as high as 1050° F. (565° C.) and allowed to air cool, naturally reaged to 
attain high physical properties equivalent to those of the same material which 
had not been exposed t6 high temperatures. 


Table 7 


REAGEING OF ALLoy B-81 Arrer Exposure To HiGH TEMPERATURES 
Yield- Tensile- Elongation, 
Strength, Strength, Per Cent 
Treatment pst. psi. in 2 in. 
21 days, room temp., no exposure to high temp. 25,000 36,700 6.5 
2 hrs., 900° F. (482° C.), air cool, aged 
21 days room temp. 25,100 35,600 5.5 
hrs., 1000° F. (538° C.), air cool, aged 
21 days room temp. 25,400 36,800 
2 hrs., 1050° F. (565° C.), air cool, aged 
21 days room temp. 24,800 38,300 
2 hrs., 1000° F. (538° C.), air cool, reheat 2 
hrs., 1000° F. (538° C.), air cool, 
aged 21 days room temp. 25,550 36,000 
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WELDING 


28. The results indicate that there should be a wide field of use of this 
alloy for parts which are to be brazed or welded. This is especially true where 
the brazed assembly may be intricate or bulky and thus difficult to heat-treat 
nt in its entirety. 

29. Preliminary tests demonstrated that welding does not materially affect 
the strength of the metal, and even in the welds, properties compared favor- 

ably with those of the parent casting. Tests are now in progress to investigate ; 

more thoroughly the strengths of welded material made from this alloy. 


Corrosion RESISTANCE 
30. In addition to the natural ageing and reageing properties of the alloy, 
aed many of the disadvantages previously associated with aluminum-zinc alloys ) 
have been overcome. Ample evidence has demonstrated that alloy B-81 has 
high corrosion resistance, comparable to that of some silicon and silicon- 
magnesium alloys.* It has been proved that aluminum-base alloys with zinc ) 
as high as 9 per cent showed practically no deterioration after immersion in 
sea water for 448 days. Serious corrosion in sea water and in tap water was 
found when the alloys contained both zinc and copper.* This is evidence that 
zinc alone does not impair the corrosion resistance. Aluminum alloys contain- 
ing zinc and magnesium have been found to have good resistance to corrosion, 
— as long as copper is absent. Most aluminum-zinc alloys used in the past con- 
righ tained copper as an alloying element, which was responsible for their poor 
ares resistance to corrosion. Alloy B-81 contains magnesium but not copper. The 
1 to presence of titanium and chromium further improves the natural corrosion 
nich resistance of the alloy. 


tter 
lent 


Dars 


Corrosion Fatigue 


31. It was pointed out earlier in the paper that aluminum-zinc and 
aluminum-zinc-magnesium alloys fell early in disfavor because they were sub- 

a ject to stress corrosion cracking. Under stress corrosion (or corrosion fatigue) 
at it is the corrosion resistance and not the normal mechanical properties of the 
metal which determines the life of any part under such conditions.’ Since 

alloy B-81 was known to be resistant to corrosion, a simple test was made to 

see whether it would resist corrosion under stress. Test pieces like that shown 


in Fig. 1 were made. ' 
32. One test piece was cast of 4 per cent copper alloy and heat-treated. , 
Another was cast of 7 per cent silicon, 0.3 per cent magnesium alloy. A third ; 


piece was cast of the B-81 alloy. The test bars were placed on a board and 

bent at each end by tightening bolts so that the ends almost touched the board, 

as shown in Fig. 2. This was intended to stress the center of the test piece. 
33. After the test pieces were stressed in the foregoing manner, the board 


f : 
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Fic. 1—Test Prece Usep to Compare Resistance To Corrosion Fatiovue. 


was then turned upside-down and allowed to float in a 5 per cent sodium 
chloride solution so that the test pieces were suspended in the solution. The 
board was allowed to remain in the solution all day and was removed each 
night. After seven days the 4 per cent copper alloy broke across the center at 
the stressed area and the material was considerably pitted and corroded. This 
broken piece is shown in Fig. 3, top. Neither of the other pieces evidenced 
any bad corrosion effects. 

34. It was thought that possibly the first 4 per cent copper alloy test piece 
had been defective, so a second one was cast and mounted on the board as 
before. After 9 days this piece also broke across the center at the stressed area 
and was considerably pitted and corroded. This broken piece is shown in 
Fig. 3, bottom. 

35. Afloy B-81 and the 7 per cent silicon, 0.3 per cent magnesium alloy test 
pieces have been subjected to the test continually for five months. The silicon- 


magnesium alloy seems to show more etching or pitting than does alloy B-81, 


but neither shows any sign of cracking. Figure 4 shows these two pieces after 
16 weeks in the salt bath. 


Frio. 2—Metuop or Srressinc Corrosion-Faticue Specimens. 
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Fic. 3—Test Pieces or 4 Per Cent Copper ALLoy. 
Torp—Farm.ure Occurren Arrer Seven Days. Borrom—Faiture Occurrep Arrer Nine Days. 


CASTING PROPERTIES 


36. Alloy B-81 can be cast in thin sections or intricate shapes. It has higher 
shrinkage than the aluminum-copper alloys and requires adequate gating and 
risering to compensate for this. The alloy can be poured over a wide pouring 


range 
PouRING TEMPERATURES 


}7. Satisfactory physical properties can be obtained in test bars poured 
between 1250° F. (677° C.) and 1475° F. (802° C.), but maximum test bar 
properties are obtained between 1325° F. (718° C.) and 1375° F. (746° C.), 





Fic. 4—Test Preces or B-81 anp 0.3 Pew-Cent Macnesium, 7 Per Cent Siticon ALtoys Arren 
IMMERSION IN A SaLt Batu ror SrxTeen Weeks. 
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Table 8 


EFFECT OF PourRING TEMPERATURE ON ARTIFICIALLY AGED TEsT Bars of 
A.Loy B-81 
Yield- Tensile- Elongation, 

Pouring Temperature Strength, Strength, Per Cent 
af ~C. psi. psi. in 2 in. 
1475 802 24,000 32,000 4.75 
1425 774 24,000 32,300 4.75 
1400 760 25,900 34,750 6.75 
1375 746 25,050 33,700 6.25 
1350 732 26,200 34,000 55 
1325 718 26,100 35,100 6.5 
1300 704 25,250 34,400 ae 
1250 677 25,150 34,600 5.25 


as shown in Table 8. The data in Table 8 show that while yield strength, 
tensile strength, and elongation were within specifications at all pouring tem- 
peratures between 1250° F. (677° C.) and 1475° F. (802° C.), all of these 
properties increased noticeably when temperatures of 1400° F. (760° C.) or 
less were used. 

38. The metal used in this series of tests was heated to slightly above 
1475° F. (802° C.) and test bars were poured at intervals as the metal cooled. 
This was done to simulate actual melting conditions in the foundry. 

39. Because of the tendency for an alloy of this type to form dross and 
the relative sluggishness of the alloy when cold, it is advisable to pour it above 
1300° F. (704° C.) to avoid the retention of dross and oxide in the metal. 
The higher pouring temperature of the alloy is more than offset by the fact 
that this metal does not have the pinhole porosity which is common to 
aluminum-copper alloys, and its tendency to pick up gas during melting is 
much less. 


Test Bar Mops 


40. Foundry characteristics of alloy B-81 are comparable to those of the 
4 per cent copper alloy, but not as good as those of the 7 per cent silicon, 0.3 
per cent magnesium alloy. Unlike most aluminum alloys, B-81 test bars develop 
maximum properties when large open risers are used at each end of the mold, 
and no chokes or strainers are used. The metal is poured through a center 


Table 9 


ComPARISON OF TEsT Bar Cut From Castinc WitH SEPARATELY Cast TEST 
Bars or 5.25 Per Cent Zinc ALLoy From SAME HEAT 
Tensile- Elongation, 
Strength, Per Cent 
Test Bars pst. in 2 in. 
Separately cast 36,100 5:23 
Machined from casting 34,100 6.0 
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Table 10 


TensiLe Tests OF TEsT Bars Cut From A.Loy B-81 Piston Wuicn Hap 
BEEN IN SERVICE FOR Six MONTHS 


Yield- Tensile- Elongation, 

Strength, Strength, Per Cent 

Bar psi. psi. in 2 in. 
1 28,250 35,000 4.0 
2 28,500 35,500 3.0 
3 26,750 37,250 oo 
4 30,750 35,750 3.0 
5 30,000 33,750 3.0 


sprue anc allowed to flow into the test bar section from both ends. Cleaner 
metal is obtained this way than when chokes or strainers are inserted in the 
mold, or when the metal is allowed to enter the test bar section from one end 
only. This may seem paradoxical but many experiences and tests have con- 
firmed this. 

MELTING LossEs 


41. The metal can be melted repeatedly without serious deterioration, pro- 
vided its composition is maintained substantially constant. Small additions 
of magnesium and zinc should be the only adjustments required. Over- 
heating the metal will do its greatest damage by burning out magnesium and, 
if this happens, care must be taken to compensate for such loss. 


STRENGTH OF TEST Bars CuT FROM CASTINGS 


42. Castings made from this alloy have a very high percentage of the 
strength obtained in separately cast test bars. This is true of both light 
and heavy sections. A small casting from the regular production run of a cus- 
tomer’s pattern was taken and a test bar machined from a portion of it. This 
was checked against separately cast test bars of the same heat. Table 9 shows 
that the results compared very favorably. Both casting and test bars had been 
artificially aged. 

43. Five large pistons which had been in service for six months were sec- 
tioned and test bars taken from the heavy section of each casting. Table 10 
shows that all of the bars had good tensile properties. 


APPLICATIONS 


44. Alloy B-81 is being used in a wide variety of cominercial applications. 
Some of the parts must withstand 300 pounds hydrostatic pressure. Venti- 
lating fans for firing chambers of ships have been made of this alloy for some 
time. Aircraft uses include oxygen control units for high altitude flying, self- 
sealing gasoline tanks, undercarriage parts, radio and Radar equipment, oil 
line inlets, and the top turret of the Flying Fortress. 
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45. Machinability of alloy B-81 is excellent, far superior to either 4 per cen; 
copper alloy or 7 per cent silicon, 0.3 per cent magnesium alloy, and probably 
even better than the standard 8 per cent copper alloy. The machined met) 
has a high lustre. 

46. Coatings produced by the chrome and anodic treatment are entirely 


satisfactory. 


SUMMARY 


46. Investigation of the properties of B-81 has demonstrated the following: 


(1) Aluminum alloys containing zinc and magnesium attain high 
strength by ageing without prior heat-treatment. _ 
Zinc-Magnesium ratios other than that required to produce 
MgZn, were found desirable. 

Addition of titanium and chromium improved properties still 
more. 

Heat-treatment problems are eliminated because no high tem- 
perature or quench treatments are necessary. 

). Either artificial or natural ageing can be used. Artificial ageing 
saves a great deal of time and stabilizes the metal so that close 
tolerance machining can be done. 

Effect of ageing temperature is much more critical than time 
at temperature. 

Time at room temperature before artificial ageing has a pro- 
nounced effect on physical properties. 

Alloy B-81 will reage to attain high strength when cooled to 
room temperature after’being held at high temperature. 

The alloy is easily fabricated, has high corrosion and stress cor- 
rosion resistance, shock resistance, and can be readily machined 
and anodized. 

The alloy is less sensitive to high temperatures and porosity than 
the standard aluminum-copper alloys. 

A high ratio of casting to test bar properties is obtained. 
Foundry characteristics are comparable to those of the 4 per 
cent copper alloy but not as good as those of the 7 per cent 
silicon, 0.3 per cent magnesium alloy. 
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DISCUSSION 


Presiding: Dr. N. E. Wotpman, Eclipse-Pioneer Div., Bendix Aviation Corp., Teter- 
boro, N. J. 

Co-Chairman: W. E. Martin, Sperry Gyroscope Co., Flushing, N. Y. 

CHAIRMAN WOLDMAN: How does the castability of this high zinc aluminum alloy 
compare with that of the aluminum 355 alloy? 

Mr. Brown: It compares with the aluminum 195 alloy. The castability is not as 
good as that of the silicon alloys by any means. It tends to be a little sluggish at low 
temperatures. In order to secure the same satisfactory results, we recommend a pouring 
temperature 30% higher than that of the alloys ordinarily used. 

CHAIRMAN WOLDMAN: Can you cast thin wall sections? 

Mr. Brown: Yes, providing we get the metal hot. 

CHAIRMAN WotpMAN: Is there any trouble from overheating? 

Mr. Brown: Not as long as the metal is kept under 1475° F. It does not tend to 
pick up gases the way the aluminum-copper alloy does. That is very beneficial where 
a high temperature is necessary to make the metal flow. 

MemBER: How about dimensional stability after ageing? 

Mr. Brown: The alloy has been used in the manufacture of radar equipment, in 
Flying Fortress turrets, and for all kinds of small parts, and it has never been turned back 
because of warping after machining. It goes into oxygen units for high altitude flying. 
So we must assume we are not going to experience any trouble as far as dimensional 
stability is concerned. 


CuammMan WoxtpMAN: Mr. Brown stated that the physical properties of the 40-E 
alloy decreased when it was heated to 400° F., and then, upon heating to 1000° F., the 
physical properties increased, probably due to a partial solution of the intermetallic 
compound. Were any tests made on accelerated ageing after the 1000° F. treatment, 
and was there a still further increase in properties? 
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Mr. Brown: I will say that we got decidedly important results when we did that. W- 
feel that we can produce an aluminum alloy having a 30,000-lb. minimum yield strength 
with 3 per cent elongation. 

Mr. Brown (author’s closure): As a test of the dimensional stability during machip. 
ing operations, a parabola of about 30-in. diameter and dished like a searchlight reflector 
was cast from this alloy. After ageing, it was set up for machining, but, before machining 
began, set screws were placed at different parts of the casting with definite clearances 
between the set screws and the casting so-that any distortion of the casting could be 
measured by checking at these various points after machining. When the machining 
operations were finished, the entire dish of the parabola had been machined, which gives 
an indication of the amount of metal removed. The clearances were then checked at the 
various set screws. A 0.001-in. gage was used to check detectable movement, but nowhere 
could any such movement be found with this gage, which indicates definitely that any 
distortion or change in dimension during machining was less than 0.001 in. 


We hope soon to be permitted to publish the full details of the test, but meanwhile it 
is hoped that the summary given herein will answer, somewhat, the questions in regard 


to dimensional stability of the alloy 








hin- 
Ctor 
uing 
nces 
| be 
ning 
ives 


here 


any 


le it 
zard 


Mold Atmosphere Control 


By H. W. Drerert*, R. L. DoELMAN* aNnp R. W. BenNnettT*, Detroit, MicH. 


INTRODUCTION 


|. When metal is worked at elevated temperatures, it is essential to have 
control of temperature, time and atmosphere. 

2. In the casting of metals in a mold, very little has been done in the way 
of atmosphere control in the mold, with the exception of the magnesium cast- 
ing industry. 

3. In the heat treating industry, where metals are subjected to moderate 
temperatures as compared to foundry casting temperatures, much progress has 
been made in using furnaces that have atmosphere control. When metal parts 
are treated in such furnaces, the machined surfaces of the parts are not 
deteriorated in finish or appearance and sales appeal is maintained. In the 
foundry, in order to make the casting surfaces passable, much expensive dress- 
ing in the cleaning room, where labor turnover is great and equipment is short- 
lived, is required. 

Object 

4. The object of this paper is to show that, by incorporating mold atmos- 
phere control so that the gases in the mold are not oxidizing, much of the 
work now being done in the cleaning room possibly may be eliminated, with 
a saving in labor, equipment, and compressed air cost. 

5. The authors will endeavor to show, by dilatometer tests, how severely 
certain types of atmosphere affect the surfaces of steel test pieces, and how 
other types of atmosphere protect the surfaces of steel test pieces. 

6. It was found that “penetration” types of casting defects are influenced 
greatly by the type of atmosphere present at the face of the mold. 


PENETRATION DEFECTS 


7. A great deal of effort has been put forth in the foundry to prevent pene- 
tration defects, where a portion of the molten metal apparently enters the 
mold or core surface, tightly binding a thin section of the core or mold to the 
casting. 

8. Many thin layers of such penetration peel quite readily from the cast- 
ing, while a comparatively thick layer may result in many man hours being 
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expended in removing the mixed layer of sand and metal adhering to the 
casting. 


“Metal Penetration” 


9. Some penetration defects undoubtedly are caused by the presence of 
large pores in the face of the mold into which the molten metal could easily 
enter. Such porous areas of the mold may be due to soft-rammed molds, or to 
failure to apply sufficient ramming to overcome the low flowability of the sand, 
This type of penetration may be called “metal penetration.” 


“Oxide Penetration” 

10. Another type of penetration, which may be called “oxide penetration.” 
occurs more or less independently of the mold porosity. Oxide penetration, 
consisting of a mixture of metal and oxides of the metal, may be much greater 
in magnitude than is the case in metal penetration. In this paper, the author 
will endeavor to show the mechanics of the oxide type of penetration. 


11. In Fig. 1 are shown several variations of the oxide type of penetration. 
The penetration defect, Fig. 1-A, is a penetration of gray iron through a layer 
of mold wash into the face of the mold. The mold wash fell off when the 
penetration defect was removed. The penetration material is composed of free 
iron, FeO, Fe,O;, a trace of Fe,O,, an iron silicate, and carbon of a higher 
percentage than the carbon content of the casting. 

12. Figure 1-B shows a portion of the sand core of a steel casting mold 
which has been completely penetrated by metal. The composition of this defect 
is almost identical to that of the defect described in Fig. 1-A. 


13. In Fig. 1-C is shown a cross section of a casting where the layer of 
silica flour wash is absent. 

14. The cross-sectional view of casting peel, Fig. 1-D, distinctly shows a 
white layer, which is the silica flour wash through which the metal penetrated. 
These four examples are shown to illustrate the point that this penetration 
defect may occur either with or without the use of a mold or core wash. The 
penetration defect may, in certain cases, be eliminated by the use of a core 
or mold wash. 
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Test METHOD 


lo. The 1%-in. x 2-in. sand specimen, as used for elevated temperature 
sand testing, lends itself very well to determining the behavior of embedded 
metal specimens in molding materials at pouring temperatures when subjected 
to different gases. 

17. Sand specimens were rammed with three drops of the weight of the 
special 1 x 2-in sand rammer within the floating specimen tube arrangement, 
as illustrated in Fig. 2. This floating arrangement produces a double-énd 
ramming effect, whereby both ends of the specimen are rammed to the same 
hardness. On top of the stripping post is placed a disc with a stem of 1%-in. 
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diameter and 11-in. length. This stem forms a hole in the sand specimens 
into which the 4-in. x 1¥2-in. metal specimen fits. 


Steel Test Pieces 

18. In al] of the tests included in this paper, steel pins with a carbon 
content of 0.23 per cent were used. These steel pins, after cleaning with 
carbon tetrachloride, were pushed into the holes in the sand specimen, as 
shown in Fig. 3. Other pins with higher carbon content follow the same trend. 

19. The sand specimen completely surrounds the test pin with the excep- 
tion of the top end for the test method A, Fig. 3. In some cases, the top 
of the specimen was coped with a ¥-in. thick disc of sand. 

20. For observation of metal penetration, the test method B, Fig. 3 was 
used and found exceedingly instructive. 

21. Both green and dry sand specimens were used in this series of tests. 

22. The sand specimens with the test pins were placed in the dilatometer 
furnace, Fig. 4, and were allowed to remain in the furnace for a period of 
12 min. at temperatures ranging from 1600° F. to 2900° F. 

23. The interior of the furnace was charged with many different gases. 
In other cases, various chemicals and facing materials were added to the sand 
used to form the sand specimens. 
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24. The surface finish obtained on the test pin and the amount of per. 
tration into the sand specimen were observed visually and recorded by phot. 
graphic means. The amount of penetration also may be determined }y 
weighing the penetrated material. } 


Sand Mixtures 

25. The sand used in the tests reported in this paper consisted of the 
mixture shown in Table 1, with the exception of the sand used for the test 
as illustrated in Fig. 5, which contained 10 per cent of silica flour in addition 
to the ingredients shown in Table 1. 

26. The sand was mixed in a muller and aerated and stored in air-tight 
containers for each day’s supply of sand. 

27. For the tests requiring dry sand specimens, the sand specimens were 
dried at 230° F. for a period of 3 hr. 


Temperatures 

28. The important part that temperature of the metal and of the mold 
surface plays in penetration is well illustrated in Fig. 5. This illustration 
shows the top views of sand specimens with test pins, also views of halved 
sand specimens showing penetration by the darkened areas surrounding the 
hole into which the test pin was inserted. The test pins are also shown so 
that the surface conditions may be studied. The test pins were completely 
absorbed for the 2900° F. temperature immersion. 

29. In this particular test series, the atmosphere in the furnace was air 
with the sand specimen and test pin remaining in the furnace for 12 min. at 
temperatures as designated in Fig. 5. 

30. Starting at the upper right hand side of the illustration with 1600° F. 
no penetration is noticeable. However, a thin coat of oxide is present on the 
test pins in the green and dry sand specimens, Fig. 5. 

31. At a temperature of 1700°F., the first indication of penetration 1 
evident. Veining or fissure type of defect was found, and this type of defect 
is clearly shown in Fig. 5 at 1700° F. and 1800° F. 

32. Here is the first positive proof that metal need not be in the molten 
state to form defects such as “veining,” “fissure,” “‘cat whiskers,” or “pene- 
tration” since they are found very prominently at a low temperature range, 


Table 1 


SAND MIXTURE 


Per Cent 
No. 17 Ottawa Sand, washed and dried, 45 A.F.A. fineness 95 


Western bentonite 5 
Moisture 2 
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for example, 1700° F. to 2000°F. It is possible that veining Promotes 
penetration. 

33. A study of Fig. 5 will show that the degree of penetration increas 
rapidly with a temperature rise. At 2700° F. the test pin is encrusted with 
thick, hard layer of penetration, while at 2900°F., the test pin has com. 
pletely disappeared into the sand under the oxidizing effect of the air. Ny 
particular difference in the degree of penetration is noticeable between the 
green and dry sand specimens. This is undoubtedly true since the green sand 
specimens were quickly dried in the dilatometer furnace. 


PENETRATION AS AFFECTED BY OXYGEN, AIR, AND NATURAL Gas 


34. Since the metal need not be in the molten state to form a penetration 
defect, it is very natural to assume that the metal surface is oxidized by the 
gas that surrounds the casting. 

35. In Fig. 6 are shown cross sections of three sand specimens, all of which 
contain the same type of steel test pins and were. subjected to a temperature 
of 2700° F. for 12 min. The difference was in the type of atmosphere in the 
dilatometer furnace. 

36. The upper view in Fig. 6 shows complete absorption of the test pin 
by the sand when oxygen was the gas surrounding the sand. Where the test 
pin was originally located in the sand specimen is now a hole, since all of the 
steel was absorbed by the sand. 

37. When the atmosphere in the furnate was changed to air, a less violent 
oxidizing agent containing 21 per cent of oxygen and 78 per cent of nitrogen, 
the amount of penetration was of a lesser degree, as shown in the center 
illustration (Fig. 6), than when oxygen was used. 

38. Filling the furnace with natural gas to obtain a reducing atmosphere, 
the test pin is still in fairly good condition and no penetration is noticeable, 
as shown in the lower view in Fig. 6, after immersion for 12 min. at 2700°F 
This is a good proof that the presence of oxygen in the face of a mold furnishes 
the motive power for the penetration defect of the oxide type. 

39. Ag a further proof, tests were made whereby a neutral gas, such as 
nitrogen, was used to displace any oxidizing gases, such as oxygen, carbon 
dioxide, water vapor and air that might be present. 


40. In these tests, it was found that no penetration defects were present, 
nor were any indications or tendencies to start penetrations present. Nitrogen- 
treated specimens showed some of the better surface finishes on the test pins 
after this severe penetration test. 


Steam in the Presence of Air or Oxygen Increases the Degree of Penetration 
41. The moisture contained in green molding sand, whether mechanicalls 











Fic. 6—PeneTRaTION IN Green Sanp Specimens UNper Various AtmospHeres at 2700° F. Temperature. 


held, absorbed or chemically combined, produces a large quantity of water 
vapor in the hot portion of a mold. 

42. In the case of dry molding sand, water is present in the chemically 
combined state, and also in small quantities as absorbed and mechanically held 
moisture which the sand picks up from the air as soon as it cools to room 
temperature. 

43. Water may also be formed by intergaseous reactions within the. mold; 
for example: 

2CO + 2H, = 2H,O + 2C 

44. When the water vapor is converted to steam by the heat of the molten 
metal, the rate of the oxygen reaction with the metal is greatly accelerated. 
This is well illustrated by embedding steel pins in sand and heating at 
2500° F. for a period of 12 min. In one case, let the atmosphere in the 
furnace be air, and in the other case, fill the furnace chamber with steam. 
The steel pin in the sand specimen which was subjected to the steam as 
atmosphere, will show easily twice the amount of penetration. Figure 7 gives 
a good visual demonstration of the power that heated water vapor has on 
increasing penetration. 


DispLacING Oxipizinc GASES WITH INERT GASES TO REDUCE PENETRATION 


45. Atmospheres free of oxygen are very difficult to obtain in a mold. 
It is also difficult to have the mold atmosphere free of carbon dioxide, air 
and water vapor. One method that is available is to displace these oxidizing 
agents by an inert gas, such as nitrogen. 

46. In the dilatometer penetration test and in limited mold tests made to 
date, nitrogen atmosphere in the furnace or mold produced the good surface 
finishes on the steel test pieces and the very small tendencies to penetration. 
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A test sample heated in nitrogen atmosphere at 2700° F. is shown in Fig. 
Note the absence of penetration and the good finish on the steel specimen, 


Carbon Dioxide Atmosphere Increases Penetration 


47. Using the dilatometer penetration test and a 0.23 per cent carbon 
steel pin for the test specimen, a large amount of penetration is secured wher 
the atmosphere surrounding the sand specimen and test pin is carbon dioxide 
(Fig. 8). The temperature of the dilatometer furnace was 2700° F. and the 
specimen remained in the furnace for 12 min. 


MECHANICS OF PENETRATION AND VEINING DEFECTs 


48. The authors are cognizant of the fact that their research work on 
penetration defect and mold atmosphere control is in its infancy, and much 
work remains to be done. The work to date indicates that the mechanics of 
penetration defects are as described in the following paragraphs. 

49. Oxidizing gases, named in the order of their potency, as found or 
formed in a hot mold surface are oxygen, air, carbon dioxide and water vapor 
Impurities present may catalyze the oxidization reactions. 

50. In the determination of carbon in metal, where oxygen is passed over 
a metal in a combustion boat, the metal reaches a molten state at a very low 
furnace temperature, such as 1800° F., the oxidation of Fe, Si, Mn and C 
producing heat sufficient to melt the metal. The metal need not be in the 
molten state in a mold for the chemical reactions that produce penetration 
or veining defects. 


51. The formation of these defects undoubtedly starts at a high temperature 
while the metal is in a molten state. Also, high temperatures accelerate the 
reaction. However, the formation may continue long after the metal solidifies. 
A thin outer skin of the casting is attacked by the oxidizing gases and the 





Fic. 7—PeneTRATION IN SPECIMENS SuByEcTED TO Sream (Tor) anv Air (Borrom) ArTMosPHEREs 
2500° F. Temperature. 














Fic, 8 PENETRATION IN Green Sano Specimens Susyecrep To Nrrrocen anp Carson Dioxipe ATMOSPHERES 
at 2700° F. Temperature. 


reaction continues until a temperature in the neighborhood of 1800° F. is 
reached. 

52. The formation of the penetration and veining of the oxide types is 
similar to the Bessemer process. Where we have 


Fe + O}| 
Si + O| 
Mn + o| Heat accelerating the reaction. 
Cc + O} 
Thus 

A 2Fe t O: = 2FeO 

B 2FeO T O: = Fe.O; 

C 2Fe:0; + 2Si = 2 Si O. + 4Fe + O., 

D 2Fe:.0; + 2Mn = 2 MnO, + 4Fe + O, 
; 4Fe + O, 

E 2Fe:30; + 2C = 2 CO; 


2FeO + 2Fe 

3. All of the foregoing reactions produce heat and, also, free iron, as is 
found in the penetration and veining defects. In addition, free oxygen and 
carbon dioxide are liberated, which keeps the reaction in process as long as 
some oxygen or other oxidizing gases are still present to attack the metal. 

}4. The iron oxide formed is very liquid, as is visually observed when the 
test method B, Fig. 3, is used and the specimen is placed in any of the fore- 
mentioned oxidizing atmospheres. A liquid iron oxide forms quickly at 
2500° F. on the outside of the metal specimen, and is soaked up by the sand. 

39. The ferrous oxide formed in equation E (paragraph 52) will attack 
the silica sand grains and form a fluid iron silicate, for example, possibly a 
ferrous metasilicate, 2FeO.SiO,, FeO.SiO., or FeSiO;. The ferric metasilicate 
Fe,(SiO;)3, or the ferric orthosilicate Fe(SiO,); and others also might be 
formed. 

36. Work is in progress to identify the exact iron silicate or silicates that 
are formed. However, working from the equation £, which is the probable 
end product of the iron oxidation process in a mold, it may be concluded that 
the FeO formed will unite with the silica of the molding sand in the following 


manner: 


FeO + SiO, = FeO.Si0O, 
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57. The FeO.SiO, is one of the forms of ferrous metasilicate. It is a yen 
fluid and penetrating type of iron silicate. The iron silicate formed, according 
to our tests, has a melting point of between 2100 and 2200° F. 


Composition of Penetration Defect 
98. A penetration defect which originated, not from a porous mold surface, 
but from oxidation of the metal, is composed as follows: 
(1) Metal 
(2) Carbon 
(3) Ferric oxide 
(4) Iron silicate 
(5) Molding materials 
(6) Ferrous oxide 
(7) Fe,O, 
(8) Chemical elements of the metal 


Prevention of Penetration and Veining Defects 

59. The penetration defects that originate from a too porous mold surface 
due to coarseness of the sand, low flowability or soft ramming are corrected 
by reducing the green strength, grain size, or stiffness of the sand mixture. 
All of these factors will increase flowability of the sand mixture and give a 
continuous, uniform mold surface under normal ramming. In some cases, 
increasing or improving the ramming will eliminate penetration. 

60. Veining may be caused by the early collapse of a core. In this case, 
retarding the collapse by increasing the life of a core through increasing the 
strength, reducing grain size, adding clay substance, adding iron oxide, adding 
silica flour, or by applying a wash will eliminate the veining defects. 

61. However, there are many penetration defects and some veining defects 
that are caused by an oxidizing atmosphere. These are the most difficult to 
eliminate. The authors believe that means for the elimination of these defects 
will be found through the application of mold atmosphere control. 


Mold Atmosphere Control 

62. By mold atmosphere control is meant the elimination or absorption 
of the oxidizing atmosphere, such as oxygen, air, carbon dioxide and water 
vapor at the mold face. 

63. Atmosphere control may be obtained either by the introduction of 
reducing or displacement gases in the mold, or by the formation of such gases 
within the mold surface through chemical additions to the sand or mold 
coatings. 

64. Two other alternatives offer possibilities, and they are placing the mold 
in a vacuum or sealing the mold surface with a glaze that is impervious to 
gases, oxides and silicates at elevated temperatures. 
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65. Manifolds may be placed in the drag and cored portions of the mold 
to fill the pores of the mold with reducing gases, such as lithium, natural gas, 
various forms of petroleum gases, nitrogen and others. Such gases might be 
injected into the mold just before pouring and be allowed to flow while the 


casting is cooling. 


Tests oF Factnc MATERIALS TO EVALUATE PROTECTIVE ATMOSPHERES FORMED 


66. One of the avenues for attacking the problem of penetration is to 
study the facing materials used at the present time for eliminating or reducing 
penetration. The dilatometer penetration test method proved very efficient 
for this study. 

67. Sand mixtures were prepared containing no. 17 Ottawa washed and 
dried silica sand bonded with 5 per cent of western bentonite. To each sand 
mixture was added 5 per cent by weight of facing material. Some 50 materials 
and chemicals were tested. In the succeeding paragraphs, some of the more 
interesting results will be discussed. It is appreciated that the 5 per cent by 
weight of many materials studied is too large an amount for commercial use. 
However, in the interest of having the evaluation made of equal concentra- 
tion for comparison and convenience, the 5 per cent was used as a standard 
for the preliminary basic comparison work. 

68. Specimens of each prepared sand were rammed and a 0.23 per cent 
carbon steel pin was inserted into each specimen. These specimens were then 
inserted in the dilatometer furnace and soaked for a period of 12 min. at a 
temperature of 2500° F. 

69. The atmosphere in the furnace was air at the time the specimen was 
inserted in the furnace. The top of the furnace was sealed, and the bottom 


left open. Thus, each sand mixture created its own particular type of 
atmosphere. 


PROTECTIVE ATMOSPHERES FORMED BY ADDITIONS OF VARIOUS 


Facinc MATERIALS 


70. With the commonly used facing materials may be grouped sea coal, 
coke and sugar. It is of interest to have a visual comparative evaluation of 
the protective atmospheres created by these three materials. 


Sea Coal 


71. In Fig. 9 is shown a top and cross-sectional view of the sand specimen 
after firing. A view is also shown of the test pin after the heat test, A close 
examination reveals that the sea coal addition kept the atmosphere sufficiently 
low in free oxygen to prevent complete combustion of the sea coal in the sand, 
as is shown by the black color of the interior of the sand specimen. A thin 
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Fic. 9—Errect or 5 Per Cent sy Weicut AppiTions or FacinG MATERIALS ON PENETRATION IN Greey 
Sano Specimens Susyecrep ro aN Arr ATMOSPHERE aT 2500° F. Temperature. 


outer layer of the sand specimen is oxidized, as is shown by the top view of 
the specimen. Oxidation leaves the sand white in color. 

72. Sufficient oxidizing gases are present in the sea coal to cause the forma- 
tion of a trace of some oxide penetration. Note the black oxide ring around 
the test pin on the top of the sand specimen (Fig. 9). 

73. The steel test pin secured from the sea coal treated sand is of fair 
surface condition. On the surface of the pin are views of oxidization and 
adhering balls of impurities. The value of sea coal as a facing material 
undoubtedly can be improved by removal of the inert materials and high 
impurity content. 


Coke 

74. An examination of the coke treated sand and steel pin specimens 
indicates that the coke burns out more completely than does the sea coal 
Dark areas of oxide penetration are visible in the cross-sectioned view, Fig. 9, 
of the sand specimen treated with coke. The appearance of the steel pin from 
this sand is superior to that of the pin obtained from the sea coal treated sand. 
More complete control of the rate of combustion is necessary to increase the 
facing value of coke. This material awaits further scientific development for 
greater use as a facing material. 

75. Both sea coal and coke in their combustion create carbon dioxide and 
corrosive water vapors. This water vapor and the water vapor from the 
moisture in the sand should be absorbed by some chemical addition to the 
sand. Under such conditions, with controlled combusion rates, these materials 
offer much to the ferrous foundry industry. Sea coal and coke derive their 
facing value by the protective atmospheres created. 


Sugar 

76. A foundry facing material of long standing is sugar and molasses. The 
question often arises as to how sugar and molasses proved helpful on the mold 
or core surface. It is true that this material increases the surface dry strength 
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of the mold or core. However, in the light of this research work, the authors 
find that molasses and sugar prove beneficial in improving casting finish by 
the reducing atmosphere which they create. When sugar is partly burned, a 
very pure and fine particle-sized carbon is formed, which produces less oxide 
penetration and a better steel test pin surface than either sea coal or coke, 
when used in equal quantities. A study of Fig. 9 gives a good picture of this 
statement. Note the low retained strength of the sugar treated sand specimen. 
The cross-sectioned sand specimen consists of loose sand. Also, note the glaze 
secured on the thin layer of the penetration shell. 


Cereal Binders, Plastics and Borax 

77. Continuing our study of prominent facing materials, we enter into the 
field of cereal binders, plastics and borax. To represent the cereal binder 
group, the authors selected starch; for the plastic group of binders, urea was 
selected; and from the borax field, a boric anhydride was selected. 


Starch 

78. For a precise evaluation of these three materials, Fig. 10 is of aid. 
The sand treated with 5 per cent of starch produced a well-faced mixture. 
Only a thin oxide penetration scale was formed, and this was glazed. The 
test pin showed some grooving, but was of a good general appearance. 
Urea 

79. The amount of penetration resulting from the urea treated sand is 
slightly greater than that obtained from the starch treated sand. The steel 
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test pin shows some signs of melting deformations and of grooving. A high 
degree of glazing was obtained, which indicates fluxing tendencies. 7 


Boric Anhydride 

80. The boric anhydride treated test samples show a considerable amount 
of fluxing, which would be prohibitive for sizeable ferrous castings. Its good 
use in the magnesium field is well demonstrated. 

81. Both starch and urea may be considered as producing good protective 
atmospheres, but do not furnish the means of taking care of water vapor and 
carbon dioxide at the mold surface. 


Sodium Fluoride, Ascarite and Reduced Iron as Protectives 

82. The dilatometer penetration test method is quite severe, and only a 
very few of the large group of materials that were tested showed a fair 
amount of protctive power. 

83. Three materials, not used by the foundry industry as facing materials, 
which showed protective power are sodium fluoride, ascarite, and reduced 


iron powder (Fig. 11 


Sodium Fluoride 

84. The sodium fluoride treated sand fluxed badly, produced a good glaze 
and the best surface finish of all materials tested to date. Sodium fluoride 
is a powerful reducing agent. It is poisonous and, since it fluxes so readily, 
its possible use in the foundry would require great care to avoid excessive 


fluxing on heavy sections of castings. 


Ascarite 
85. Asearite, an excellent absorber of carbon dioxide, produced a good 
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test pin. Like sodium fluoride, it fluxes badly, creating a high retained 
strength sand. 


Reduced Tron 

86. Realizing that iron in the finely divided state will absorb oxygen readily 
at elevated temperatures, a sand prepared with 5 per cent of reduced iron 
was tested. Viewing the specimens in Fig. 11, it may be noted that the results 
were encouraging, and more will be stated concerning the possibilities of 
this material. 


Wood Charcoal, Iron Chips and Potassium Ferrocyanide Produce Protective 
Atmospheres 

87. Three materials which are good reducing agents are wood charcoal, 
iron powder and potassiuin ferrocyanide. The wood charcoal absorbs oxygen 
due to its carbon content; the iron powder due to the ferrite, carbon, silicon 
and manganese; and potassium ferrocyanide due to the potassium. The test 
results secured from these three materials are shown in Fig. 12. 


Wood Charcoal 

88. The wood charcoal treated sand produced a test pin which is encour- 
aging. The pin was not glossy, the surface being dull, but it was comparatively 
smooth considering the high temperature and the length of time at that 
temperature. No glazing was obtained, indicating that glazing is not impera- 
tive to prevent penetration. It is acknowledged that glazing, if gas and 
liquid tight, is protective and produces excellent results. Some glazing agent 
with wood charcoal offers a good possibility. 


lron Chips 


89. It may be recalled that reduced iron produced test pins with fair 
surfaces. Using a more economical form of iron powder, the authors added 
) per cent by weight of fine cast iron borings to a sand mixture and obtained 
fairly good results. Sand prepared with iron borings should be used within 
a comparatively short period of time, for example, 3 hr., to prevent excessive 
rusting of the iron borings in the sand. Fine cast iron borings offer a very 
practical and economical facing material, and one worthy of varied foundry 
trial runs. 


Potassium Ferrocyanide 


90. The potassium ferrocyanide treatment is toxic, and is thus of research 
value only. From Fig. 12, it may be noted that this material fluxed badly, 
producing a high retained strength. The steel test pin produced is very good. 
The only trace of oxidation is at the exposed end of the test pin. Where the 
est mold or specimen is coped, this condition does not exist. The open test 
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specimen method is more severe than the closed or coped test specimen 
method. The later method undoubtedly will prove advantageous for final 
evaluation of facing materials, while the open specimen method will be used 
for the preliminary research tests. 


Effect of Bentonite Additions on Penetration 

91. Bentonite of the western type produces a glaze on the face of a sand 
mold. It could be expected that additions of bentonite in large amounts 
would form a glaze of sufficient thickness to stop penetration. It may be 
noted (Fig. 13) that penetration is not affected materially by using bentonite 
in large quantities. 
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CoNCLUSIONS 


92. The foundry facing materials used at the present time may have their 
protective power increased by compounding to absorb all oxidizing gases, for 
example, oxygen, carbon dioxide, air, water vapors and other impurities at 
the mold face. 

93, Castings of both the ferrous and non-ferrous types should be cast in a 
protective, non-oxidizing or inert gas envelope to prevent deterioration of 
their surfaces in finish or chemical analysis. 

94. The protective gas envelope may be obtained by the injection of 
reducing or inert gases into the molding sand or core of a mold previous to 
and while pouring the metal. 

95. The protective gas envelope may be obtained by additions to the 
molding or core sand mixtures in the form of chemical liquids or solids, or by 
the addition of foundry facing materials, preferably compounded to be 
all-purpose. 

96. Further research work along the line of developing an all-purpose 
facing material certainly will prove fruitful. Such a material should contain, 
for example, lithium or some other material that will absorb all the carbon 
dioxide, oxygen and moisture evaporated from the sand by heat, or moisture 
generated from the combustion of materials in the mold. 


97. The creation of a vacuum within a mold before pouring to expel all 
oxidizing gases. The mold should be freed of all moisture and combustibles 
by firing before using. 

98. The development of a material, the fluxing action of which at elevated 
temperatures will produce a gas- and liquid-tight seal at the mold surfaces— 
which is only partially obtained with the mold and core washes now in use— 
will prove very helpful in obtaining better casting finishes. 

99. The material of this research work is presented at this time, before the 
entire project is completed, so that the findings to date may be put to practical 
use as soon as possible; and to speed up the development of this particular field 
of mold atmosphere by obtaining as large a group of workers as possible. 


(Discussion begins on following page.) 
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DISCUSSION 


Presiding: WerNER Finster, Reading Steel Castings Div., American Chain & Cable 
Co., Reading, Pa. 

Co-Chairman: H. Ries, Technical Director, Foundry Sand Research Project, 
Ithaca, N. Y. 

J. B. Carine’ (written discussion): This paper has placed the discussor in the rather 
unenviable position of being forced, if for no other reason than that of self-defense, to 
disagree with the authors on a number of fundamental points, when at the same time 
he is in accord with the authors’ views on a number of practical applications of the 
results of this paper. This point is important, for, even though an entirely new view- 
point, such as advanced in this paper, can be applied almost immediately to practice 
with beneficial results, it cannot be applied efficiently until the fundamentals in back 
of it are clearly understood. 

One important point that must be kept in mind is the difference between metal and 
oxide penetration. It would seem that when a steel pin is heated in the dilatometer 
in contact with sand, penetration as described by the authors is oxide penetration in 
various degrees, depending on the atmosphere derived from either the sand itself, or 
by the introduction of a gas into the heating chamber of the dilatometer. 

Mr. Dietert was kind enough to send some samples of this type of penetration to the 
writer for microscopic examination, two of which are shown in Figs. 14 and 15, This 
oxide penetration is entirely different than the metal penetration shown in Fig. 16, 
which is an example of adhering sand on a steel casting. The oxide penetration shown 
in Figs. 15 and 16 is black, does not reflect vertical illumination, and fluxes the sand 
grains, whereas metal penetration, as shown in Fig. 16, is white, reflects vertical illumi- 
nation and does not flux the sand grains. When oxide penetration is analysed chemi- 
cally, it is found to be an iron oxide-silicate; metal penetration always approaches, 
chemically, the composition of the casting. 


Oxide- 
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1 Metallurgist, Sawbrook Steel Castings Co., Lockland, Ohio. 
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Fio. 15—MicrooraPH SHOWING Oxipe PeNEeTRATION WHEN Sanp Is Heatep 1n Contacr witH Metal 
Pin at 2900° F. Osrtigue ILttumination. (X 25). 
(slightly reduced in reproduction). 





The difference between these two types of penetration is shown more clearly in Fig. 

[his is a specimen of adhering sand heated to 2200° F. in the dilatometer, in air. 
[he steel that originally had permeated the sand has been oxidized in the dilatometer, 
forming the outer surface of iron oxide-silicate. The sharp boundry between the original 
metal penetration and the oxide-silicate at the surface, formed in the dilatometer is 


significant. 

Even though the writer has always seen adhering or “burnt on”’ sand in practice asso- 
jated with metal penetration, not oxide penetration, this does not mean that mold 
itmosphere or mold gas is not important in practice. From a practical viewpoint, the 
exact mechanism is secondary, for almost any addition to the sand which will form a 
gas will form a reducing gas. Such a gas will minimize metal penetration as well as 
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MicrocraPH SHOWING METAL PENETRATION, ADHERING SAND ON A Steet CasTING. VERTICAL 
Intumination. (X 25). 
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Fic. 17—Microcrarn SHowinc Exampies oF Metat PENETRATION AND Oxipizep METAL PENETRATION 
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oxide penetration. Perhaps the mechanism that decreases metal penetration is purely 
mechanical (pressure), rather than chemical, but the end result is the same. 

The question boils down to—do we have an increase in iron oxide at the sand-metal 
interface similar to that shown in the dilatometer when liquid steel comes in contact 
with the sand? We do, but it varies widely, from a fraction of one per cent to over 10 
per cent. The reason for this variation must be found and, what is just as important, 
the time at which iron oxide combines with the sand must be determined. If iron oxide 
forms and combines with the sand while it is in contact with liquid steel, that means 
one thing; if it forms only after the steel solidifies, it means something entirely different 
It is hoped that this point is clarified in the near future, as it is important, not only to 
this subject, but to all high temperature work. If the analysis of the sand does change 
when in contact with metal, this point must be taken into consideration in all high 
temperature work on sands. 

Mr. Dierert (answer to Mr. Caine’s written discussion): The authors appreciate 
Mr. Caine’s written discussion and concur with him in that the material presented deals 
with the oxide type of penetration, as stated in paragraph 10 of the paper. 

Undoubtedly, many penetration defects start in the mold as an oxide penetration due 
to the oxidation of the outer metal skin of the casting. This superheats the outer layer 
or skin of the metal in addition to forming an oxide that attacks and wets the sand 
grains, forming an iron-silicate flux. 

This iron silicate in a penetration defect has a melting point of between 2100 and 
2200° F. So, at the metal pouring temperature plus some superheat, this iron silicate is 
very fluid. 

As this iron silicate and iron oxide penetrates through the sand, some reducing gas¢s, 
for example, from a cereal binder, are encountered that will convert some of the metal 
oxide to free metal, as viewed in so many of the penetration defects. This theory may 
be well demonstrated by first oxidizing the surface of a piece of finished steel in 4 
furnace and then injecting a reducing gas. The metal oxide scale will be reduced to 
steel and weld itself to the steel part. 

Penetration defects which are high in free metal, probably from reconverted oxides, 
weld themselves to the casting, while those low in free metal generally peel freely. 
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Thus, a limited or controlled oxidation may offer a solution to secure a thin pene- 
tration peel of metal oxides only. 

It is the authors’ belief that oxide penetration, as shown by the dilatometer test 
described, precedes many penetration defects, with the exception of the metal penetra- 
tion defect described in paragraph 9 of the paper. 

Tests have clearly shown that iron oxides are formed while the metal is liquid and 
after the metal solidifies, provided that oxidizing gases such as air, oxygen, carbon 
dioxide and superheated steam are present. 

The authors wish to acknowledge the many stimulating and helpful aids that Mr. 
Caine has rendered in this research project. Continued efforts will, undoubtedly, uncover 
the detailed fundmental mechanics that are present in a mold or core face to cause the 
oxide-metal penetration defects. 

H. F. Taytor anp R. E. Morey’ (written discussion): The authors are to be con- 
gratulated for this fine paper. It describes interestingly and in complete detail a prin- 
ciple and theory of sand behavior which strikes at the very heart of good castings. 
There is danger, since the test appears at first glance to be only an interesting laboratory 
development, that foundrymen will underestimate its usefulness in solving the practical 
problems of adhering sand. 

At the Naval Research Laboratory we have been working with this test for more than 
a year and, while we do not understand all the factors involved, we are finding it a 
very powerful tool for predicting the behavior of sands in contact with molten metals 
and for improving foundry operating techniques. It is believed that the test must be 
tried, or at least seen in operation, to be really appreciated. 

The results of our tests check accurately with those of the authors and, at one time 
or another, we have duplicated all except those employing coke, sugar, ascarite, sodium 
fluoride and similar compounds. Our theories regarding the sand-metal interface reac- 
tions are not as completely determined as are those of the authors, but x-ray, petro- 
graphic, and chemical studies are being made as rapidly as possible. We have made 
several experiments with neutral and reducing gases, both in the sinter pin test and in 
actual practice, and find that it is possible to completely prevent the formation of the 
fused, black layer of sand. It is not certain that this is fully desirable because in the 
absence of this condition the sand sometimes sticks tightly to the casting and is difficult 
to remove. In general, a good fused layer of the proper thickness gives smooth, easily 
cleaned castings. In short, the clay and sand grains are either properly fused into a 
dense, continuous layer which prevents metal penetration, or there is danger that the 
metal will flow between and around the grains causing them to stick to the casting. 

An interesting experiment which can be made in any foundry is to pour two identical 
steel castings in new facing sand, bleed the metal out of one at the end of 30 sec. (or at 
such time as a wall of metal about 1/32 to 1/16 in. has formed) and allow the other 
to freeze in the mold. It will be observed that the sand sticks tightly to the former (no 
black layer) and peels rapidly from the latter (definite black layer). 

The foregoing test served to show that the formation of the “peel” is not a direct 
result of the presence of liquid steel as such, but that it forms at some time after solidi- 
fication of part or all of the casting. This is why a pin of solid steel can be used in a 
sand specimen at temperatures considerably below the melting point of steel to dupli- 
cate mold conditions at the time of casting. 

Although far from complete at the present time, our experience with the sinter pin 
test has led us to certain theories regarding the formation of the fused, black layer at 
the mold-metal interface. The following phenomena are believed to occur: 

The organic binders burn out. As the temperature rises the clay softens 
and ultimately melts. At the same time the surface of the steel is oxidized to 


* Naval Research Laboratory, Washington, D. C. 
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iron oxide, probably as FeO, by the oxygen present in the interstices between 
the sand grains, or from a breakdown of water vapor or other gases which 
may be present. Clay, being a finely divided alumina-silica complex, melts 
readily and forms a liquid glass into which the iron oxide and the silica of 
the sand grains dissolve forming a complex compound of FeQO-A1,0,-SiO. 
[his is extremely fluid material and normally soaks into the sand, often for 
considerable distances. However, in some cases, it has flowed through thin 
cracks in the specimen onto the supporting post at temperatures as low 
2000° F. 

The equilibrium diagram for this system is shown in Fig. 18. The composition of the 
black layer will probably vary somewhat over its thickness, being higher in iron oxide 
near the casting and higher in silica at the other edge. 

We do not, at the present time, believe that the term “oxide penetration” as used by 
the authors adequately describes the phenomenon under discussion. For example, in 
paragraph 10, the authors refer to oxide penetration as being a “mixture of metal and 
oxides of the metal.”” We have never found any indication that metal, per se, pene- 
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trating into the sand was an essential feature, or even an existing feature, of the sinter 
pin test > ig 

A paragraph describing the genesis of the test is interesting for two reasons; first, it 
indicates the dividends which may result from a careful study of some of the seemingly 
simple and unimportant phenomena that are observed regularly in the foundry. For 
example, we had under consideration at this laboratory a problem of investigating the 
causes and nature of peculiar slag-like defects found on the cope surfaces of castings. 
It appeared that the cause was actually slag washed in with the metal, slag formed as 
the molten metal washed over the sand, or slag forced out of the liquid as it cooled 
during filling of the mold. However, one day a fused, black layer of sand was picked 
from the surface of a steel chill plate which had been used on a large casting. The 
slag-like defect, identical to that found on the cope surface of castings, was observed 
ill though no molten metal had access to this area. It is obvious how the sinter pin 
test evolved from this observation, and it is also obvious that the solution of the “cope- 
defect” does not lie in a study of the molten metal as we had at first supposed. 

Our interest in mold atmosphere control was aroused by a similar chance observation. 
During a discussion of lost wax techniques as applied in dentistry, the operator men- 
tioned that he often mixed fine copper shot in his investment to produce bright castings 
of vitallium. This was a very practical method for removing oxygen as the mold was 
heated to casting temperature. 

The fields of mold atmosphere control] and mold-metal interface reactions have hardly 
been scratched, and it is hoped that the authors’ fine paper and our own brief discus- 
sion will serve to stimulate further work along these lines to the end that the perfect 
steel casting will one day be made. 

Mr. DieTerT (answer to Messrs. Taylor and Morey’s written discussion): The written 
discussion of Messrs. Taylor and Morey adds materially to the authors’ paper on mold 
atmosphere control. The authors again wish to express their appreciation for the fine 
co-operation they have received from the Naval Research Laboratory. 

The term “oxide penetration” was used in the paper to forcibly differentiate between 
the penetration defect where the molten metal flowed freely into large open crevices in 
the mold face, from a penetration defect where the mold face did not present any large 
crevices. We agree with the desire for a better terminology for this so-called “oxide 
penetration,” but for the time it seems adequate until a better term is developed. 

When the FeO, as formed by the oxidization of the metal on the mold face, comes 
in contact with a melt of SiO, and A1:O; of the mold face, the FeO thins the melt 
appreciably and one no longer has a viscous glaze on the mold face. 
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Radiographic Specifications and Standards 
for Naval Materialst 


By CLype L. FrReEAR*, WASHINGTON, D. C. 


Abstract 


The Navy Department specifies radiographic examination of steel cast- 
ings subjected to high pressure steam and for important hull castings 
The use of this method of inspection has resulted in a distinct improve- 
ment in the soundness of castings which enter into the construction of 
hulls and machinery. Specifications have been issued to cover the Nav) 
requirements as to radiographic technique. To aid in the interpretation 
of radiographs and decision as to the necessity for repair of defects, the 
Bureau of Ships has issued “Radiographic Standards” showing the 
acceptability of typical defects occurring in various classes of castings 


used in ship construction. 
|. Radiography as a method of inspection was first used by the Navy in 
1930 for inspecting welds in boiler drums. The specifications for these boiler 
drums required radiographic inspection of all longitudinal and circumferential 
joints and were incorporated in a series of preliminary specifications of the 
Bureau of Engineering. This requirement was subsequently adopted for all 
welded pressure vessels, both fired and unfired, for high pressure service. 


2. The first application of radiography to steel castings occurred at the 


Norfolk Navy Yard in the same year when the Bureau of Construction and 
Repair authorized the Naval Research Laboratory to make a_ radiographic 
exploration of a sternpost casting which had failed on the USS CuestEr 
This examination showed the existence of a large hot tear and numerous 
shrinkage defects, the laboratory report including a number of comparisons 
between gamma-ray indications and the actual appearance of the defects as 
shown by sectioning and excavation. 

3. In 1931 the Bureau of Construction and Repair and Bureau of Engi- 
neering requested the Norfolk Navy Yard to subject important castings lor 
other ships under construction at that time to radiographic inspection. The 
yard concluded that the process was useful in locating gross defects in castings 


and also for assisting the foundry in developing its technique, and decided that J 


the process would be used regularly in the production department. 


+Published by permission of the Navy Department. 

*Engineer of Materials, Bureau of Ships, U. S. Navy. : sai 1 Meeting 

Nore: This paper was presented at an Inspection of Castings Session of the 48th Annual } : 
American Foundrymen’s Association, Buffalo, N. Y., April 26, 1944. 
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4. Since that time, radiographic inspection has developed to such a point 
that it is now required on all important and highly stressed hull castings, and 
on all machinery castings which are subjected to superheated steam. The 
material specifications required radiographic examination as a method of 
inspection for the following classes of castings: 

Main and intermediate shaft struts. 
Rudder castings. 

Rudder skegs. 

Rudder posts. 

Stern posts. 

Skegs. 

Stern tubes. 

Turret roller paths. 

Turret holding-down clips. 

Turret buffer castings. 

Main propulsion turbines, including all control valves. 
Main steam line valves and fittings. 
Superheater valves and fittings. 
Boiler stop valves. 


Radiographic examination of castings other than those listed may be required, 
provided that such examination is specified in the contracts or purchase orders. 
In addition, radiographic examination is required for welds in steam piping 
and for all assembly welds in steel castings; also, to determine the effectiveness 
of repair of major defects in castings which fall within the class requiring 
radiography as a method of inspection, 

5. Asa result of these requirements, four Navy yards have been furnished 
with million-volt X-ray equipment for the examination of heavy castings and 
structures. All yards also have 220-Kv. mobile X-ray units, and a number of 
yards have lower voltage units, chiefly for the examination of welds in high- 
pressure piping. In addition, each yard has sufficient radium available to 
conduct examinations where the use of X-rays is not practicable. 

6. It is not unusual to find that beneficial inspection methods are resisted 
by the people who stand to gain most by their use, and radiographic inspection 
is no exception. The steel foundry industry, in general, resisted its use, and 
some resistance still persists. The chief causes of such resistance are: 

(a) Inertia on the part of manufacturers to use a new tool or 
technique. 

(b) Cost of radiographic inspection. 

(c) The fear that serviceable castings will be rejected due to insuffi- 
cient knowledge or experience in the interpretation of radiographs. 


7, Often those who were loudest in their objections have since learned to 
recognize radiography as a distinct advantage. A number of foundries have 
stalled radiographic equipment, not only as a method of inspection but as a 
means of improving foundry methods by locating and eliminating these defects. 
The procedure of making a pilot casting, which is subsequently sectioned in the 
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hope that all of the defects will be found and the molding technique corrected. 
always has been an expensive process. The cost of this procedure might be 
absorbed if sufficient castings of the same design are produced, but is almost 
out of the question if only one or a few castings are made. By the use of 
radiography, internal defects can be located and, under present standards, the 
casting, if found to be defective, can be repaired and placed in service. 

8. In order to eliminate the objection of high cost, the Bureau of Construc- 
tion and Repair and the Bureau of Engineering in 1939 issued a letter setting 
forth the following policy, which was continued after combination of these 
bureaus into the Bureau of Ships: 

A) When radiographic inspection is specified by the contract or order 
and unless the contract or order specifies that radium is to be furnished by 
the contractor, radium shall be made available by the inspector in charge 
for the examination of castings in order to determine the nature and extent 
of internal defects and to aid in determining the subsequent elimination of 
such defects. Under this classification, the government will supply the 
radium and radiographic accessories, will supervise the radiographic tech- 
nique, and will be responsible for the development of the films. The con- 
tractor may, if he so desires, develop the films under the supervision of the 
inspector in order to expedite the fulfillment of the contract. The negatives 
will be the property of the government. 

““(B) Where radiographic inspection is not specified by the contract or 
order, but the inspector believes that it is to the best interest of the govern- 
ment to conduct radiographic examination of finished castings before final 
assembly, and the contractor agrees to this inspection; or when such 
radiographic examination is required to prove the effectiveness of weld 
repairs, radium not being used under classification (A) will be made avail- 
able for this purpose through the office of the inspector. The furnishing o! 


accessories and films and the development of films will be the responsibility 
of the contractor. The radiographic technique and the development of films 


shall be under the supervision of the inspector who may require one nega- 
tive of each weld repair to be sent to the bureau concerned for final 
approval, such negatives to remain the property of the government. Radium 
furnished under this classification shall be subject to withdrawal at any 
time without advance notice as the exigencies of classification (A) require. 

“(C) When radium is available after the conditions of classifications (A 
and (B) have been fulfilled, this radium may be furnished through the 
office of the inspector for use in the examination of Navy castings for the 
improvement of foundry technique and to improve the general quality of 
castings. Under this classification, the furnishing of accessories and films, 
and the development of the films shall be the responsibility of the contractor 
or subcontractor. The negatives shall remain the property of the contractor 
or subcontractor. Radium furnished under this classification shall be subject 
to withdrawal at any time without advance notice as required by classifica- 
tions (A) or (B). Radium owned by the Navy shall not be used to 
inspect castings other than those for government use.” 


REQUIREMENTS 
ich 


9. In order to standardize, insofar as possible, the conditions under wh 
radiographic examination is conducted by inspectors and by contractors, the 
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Bureau of Ships has issued “General Specifications for Inspection of Material; 
Appendix II—Metals; Part F—Radiography; Section F-1, Definitions and 
Radiographic Requirements,” dated March 1, 1942 (Appendix I), which 
requires that plans for castings, radiographic examination of which is specified, 
be forwarded to the bureau for marking with symbols showing areas which 
are to be radiographed, preferred location of films, location of radium if neces- 
sary, also the casting classification for application of radiographic standards. 
The radiographic symbols used are in accordance with “General Specifications 
for Inspection of Material; Appendix I11—Metals; Part F—Radiography; Sec- 
tion F-2; Radiographic Symbols,” dated August 1, 1942 (Appendix II). The 
radiographic symbols added by the bureau are then incorporated by the de- 
signer in the next alteration of the plan, thus becoming a permanent record 
for the use of everyone concerned in producing and inspecting the part. In 
marking a plan and the selection of radiographic locations, the bureau takes 
into account the stresses to which the part will be subjected in service, and the 
liability to defects of a certain type as affected by the design. When a manu- 
facturer has definitely shown that his castings are free from defects in all or 
certain locations as evidenced by radiography, the specifications permit, except 
for occasional spot checks, elimination or reduction in the amount of radio- 
graphic inspection on subsequent castings of the same design. 

10. Either gamma rays or X-rays may be used in the examination of cast- 
ings. However, it should be borne in mind that the successful inspection of 
castings having non-uniform sections, with low voltage X-rays (440-Kv. max.), 
is very difficult and often very time consuming unless the manufacturer is pro- 
vided with a number of accessories for blocking thin sections. There is also a 
definite limit to the thickness of section which X-rays will penetrate, the heavier 
sections requiring higher voltage equipment. The use of radium or million-volt 
X-rays is almost a necessity, therefore, when radiographing heavy sections or 
locations in which there is a large variation in section thickness. However, the 
use of X-rays is recommended for radiographing high pressure pipe welds, as 
radium fails to indicate many small defects which might be injurious in service. 


Process APPROVAL 


ll. Much production radiography is performed by industrial radiographic 
laboratories. While these private laboratories do excellent work, much of their 
inspection work is repetitive, using a technique which has been worked out 
over a considerable period of time. Radiographic inspection of ship castings, 
on the other hand, often requires an entirely different technique. After a num- 
ber of failures to obtain the desired results, the Navy Yard, New York, designed 
atest block for radiographic process approval. Industrial radiographic labora- 
tories are required to pass this approval test before they are approved for 
radiographing castings under the cognizance of the Bureau of Ships. The 
test blocks are made in one, three and five-in. thicknesses of steel. There are 
also available one-in. test blocks of bronze and aluminum. These blocks are 
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made available by the naval inspector to any laboratory which desires to have 
its radiographic technique approved. It has been the practice to give no 
instructions with regard to the actual technique to be used in the test, each 
laboratory using its own special technique, the only requirement in this con. 
nection being that the test block must be radiographed with a single exposure, 
After processing, the films are turned over to the inspector who forwards them 
to the bureau via the Navy Yard, New York. If the laboratory fails to qualify 
the first time, the reasons for such failure are reported and a second trial js 
permitted. Upon passing the test, the Jaboratory is approved for radiographic 
inspection of Bureau of Ships castings within the range of its equipment. 

12. As a constant check upon the radiographic technique, the use of pene- 
trameters is required, although the Bureau of Ships is extremely liberal in the 
type of penetrameter which may be used. The specifications (Appendix [) 
show several suggested designs. Other designs may be used provided that the 
penetrameter is capable of indicating 2 per cent thickness sensitivity. 


RADIOGRAPHIC STANDARDS 

13. Replies to early questionnaires distributed by the A.F.A. Committee on 
Radiography of Steel Castings indicated that producers were not in favor of 
radiographic examination as a method of inspection until suitable standards 
of acceptability were issued. It is easy to understand this reluctance as, without 
such standards, a casting might possibly be rejected for slight defects which 
would in no way affect its serviceability. Accordingly, a proposed set of 
radiographic standards for steel castings for steam pressure service was pre- 
pared by the Bureau of Engineering in 1936. Copies were sent to all Navy 
Yards, interested inspectors and contractors. In general, the replies from 
commercial foundries were unfavorable, while those from consumers, such as 
Navy Yards and private shipbuilders, indicated that radiographic inspection 
was desirable. A few commercial foundries accepted contracts in which 
radiographic inspection was required. “Gamma-Ray Radiographic Standards 
of the Bureau of Engineering for Steel Castings for Steam Pressure Service” 
were issued under date of September 1, 1938. These standards contained 
negatives showing acceptable, borderline and unacceptable gradations of all 
types of defects usually found in steel castings. In the case of unacceptable 
defects, examples were shown where repairs by welding would be permitted 
and also of those cases where the extent of the defect was sufficiently great that 
no repairs would be permitted. 

14. These standards were in effect until July, 1942, and were found to be a 
great aid in allaying fears which the foundries had of accepting radiography 
as an inspection method. Concurrent with the adoption of these standards, a 
training program was instituted to train inspectors in radiographic technique 
and especially in the interpretation of defects as revealed by the radiographs. 
However, in the meantime the vastly increased shipbuilding program neces 
sitated the procurement of large numbers of hull and other structural castings 
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which would be subjected to radiographic examination but for which there 
were no standards of acceptability in existence. Accordingly, early in 1940 the 
preparation of such standards was begun by requesting Navy Yards and some 
private manufacturers to forward to the bureau radiographs which showed 
various types and extent of defects. As X-rays were finding increasing use in 
the examination of castings, and as gamma-ray standards put the use of X-rays 
at a disadvantage, it was desired to have any new standards cover the use of 
both X-rays and gamma-rays. After nearly 2 years, a large number of radio- 
graphic negatives had been collected which could be arranged into a set of 
standards which would serve for X-ray or gamma-ray inspection of both 
pressure and hull castings. 
15. Castings were divided into five classes, as shown in Table 1, depending 
on their wall thickness and service requirements with regard to impact resist- 
ance, pressure requirements and methods of loading. Table 2 was then pre- 
pared, and radiographs were selected and arranged to show acceptable, border- 
line and unacceptable defects for each class of casting. As finally released on 
July 1, 1942, they are titled “Radiographic Standards for Steel Castings— 
Bureau of Ships—Navy Department.” Attention is invited to the fact that 
these standards are applicable only to castings under the cognizance of the 
Bureau of Ships and cover hul. and machinery castings. Their use in the 
inspection of castings for ordnance aircraft and other special classes of castings 
must be specifically arranged with the activity concerned. 

16. The “Standards” contain 31 plates, each plate having a gamma-ray 
and an X-ray radiograph of the same defect located as nearly as practicable 


Table 1 


CLASSIFICATION OF CASTINGS FOR APPLICATION OF RADIOGRAPHIC STANDARDS 
Class Casting 
| High pressure valves and fittings (wall thickness less than | in.) 
Super-heater fittings. 
Boiler stop valves. 
Machinery castings subject to fatigue or impact stresses (wall thickness less 
than '% in.). 
2 High pressure turbine casings. 
Steam chests. 
Turbine throttle valves. 
High pressure valves and fittings (wall thickness 1 in. or greater). 
Low pressure valves (wall thickness tess than 1 in.). 
Machinery Castings (wall % in. or greater). 
3 Low pressure turbine casings. 
High pressure turbine exhaust casings. 
Low pressure end of high pressure turbine. 
Low pressure valves (wall thickness 1 in. or greater). 
Machinery castings not subjected to steam pressure. 
+ Hull castings less than 3 in. in thickness—subjected to high service stresses. 
Machinery castings not subjected to impact stresses or vibration. 
5 Hull castings 3 in. or more in thickness and subject to high service stresses. 
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in the same area on the two radiographs. All X-ray radiographs were made 
using 220-Kv. X-ray equipment. In making the original radiographs, a tech- 
nique was used which would produce a negative duplicating the results which 
would be obtained by radiographers in the field rather than obtaining negatives 
as nearly perfect as possible. 

17. Every method of duplication which came to the notice of the bureau 
was tried, including negative paper reproductions from intermediate positives 
and several half-tone processes, but none of these showed the defects as they 
would appear by viewing a negative by transmitted light. It was finally 
determined that the only satisfactory method of reproduction would be actual 
photographic negatives made by contact printing from an intermediate posi- 
tive produced by projection methods. The illustrations accompanying this 
paper (Figs. 1 to 6), being half tones, do not show the detail present in the 
original standards and are shown only to illustrate the standards and must 
not be used as standards. 

18. In general, the “Standards” are very strict for Class 1, covering thin- 
wall castings which are subjected to high temperature and pressure, also thin- 
wall castings subjected to fatigue or impact stresses. Class 2 permits consider- 
ably more leeway in the allowable defects, and this leeway increases as the 
class number increases. It should be noted that no hot tears or cracks are 
permitted in Classes 1 to 3, inclusive, which include all pressure castings and 
most machinery castings. In hull castings (Classes 4 and 5) hot tears and 
cracks are permitted only if the angle between the defect and the direction of 
principle stress is not greater than 20 degrees. 

19. When the radiograph shows but one type of defect which is equal to 
or better than the borderline standard, the corresponding portion of the casting 
shall be considered as acceptable without repair. If the defects are more 
numerous than indicated by the borderline standard, the casting shall be 
rejected. When a single radiograph shows more than one type of defect, the 
following procedure shall be used in judging the acceptability: 

(a) When one type of defect predominates and the other types are 
equal to or better than an acceptable (not borderline) standard for 
their particular class, the borderline standard of the predominating 
defect shall govern without regard to the other types of defects. 

(b) When two or more types of defects are present to an extent equal 
to the borderline standard for each type, all borderline defects shall 
be considered unacceptable and the casting shall be rejected. 

20. In general, there will be no limit in regard to the extent of acceptable 
defects throughout the area on a particular casting corresponding to the 
casting classification, provided that no 5x7-in. area throughout the section 
contains defects in excess of those indicated on the borderline standard. In 
general, the amount of welding which the naval inspector will authorize will 
depend upon whether the manufacturer decides that it is more economical to 
replace or repair the casting. 
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21. In addition to the “Radiographic Standards for Steel Castings,” the 
Bureau of Ships has issued a set of standards entitled “Radiographic Standard 
of the Bureau of Ships for Class A-1 Welds,’ dated October 1, 1940, which 
shows the extent of defects permitted in welds made in fired and unfired 
pressure vessels and high-pressure piping. 





Appendix | 


GENERAL SPECIFICATIONS FOR INSPECTION OF MATERIAL* 
AppeNpbIx II—METALS 
Part F—RADIOGRAPHY 
SEcTION F-1, DEFINITIONS AND RADIOGRAPHIC REQUIREMENTS 
I. GENERAL 


This specification forms a part of all Navy Department specifications and 


Bureau of Ships specifications where radiographic examination is required in 


the inspection of material, insofar as the Bureau’ of Ships is concerned 
Il. DEFINITIONS 
(a) Radtography—The use of radiant energy in the form of X-rays or gamma- 
rays for non-destructive examination of opaque objects, in order to pro- 
duce graphical records on sensitized films which indicate the compara- 
tive soundness of the object being tested. 


oo 


Radiograph—A shadow picture produced by passing X-rays or gamma- 
rays through an object and recording the variations in the intensity of the 
emergent rays on a suitable sensitized film. 

(c) Exograph—A radiograph produced by X-rays. 

(d) Gamma-graph—A radiograph produced by gamma-rays. 

(e) X-rays—A form of radiant energy resulting from the bombardment ot 4 
suitable target by electrons produced in a vacuum by the application o! 
high voltages. X-rays have wave lengths between 10-"' cm. and 10° cm 

(f) Gamma-rays—A form of radiant energy resulting from the atomic decom- 
position of radio-active matter. Gamma-rays have wave lengths o! 
10°? to 10°° cm. 

(¢) Cassette—A lightproof container used for holding the radiographic films 
in position during the radiographic exposure. 

(h) Intensifying screen—A layer of material placed in contact with the film 

to increase the effect of the radiation, thus shortening the exposure oF 

increasing the contrast, or both. 


*Issued by the Bureau of Ships, Navy Department, Washington, D. C., March 1, 1942, Preliminary 
Draft. 

Nore: Copies of this Specification may be obtained upon application te the Bureau ol Ships 
Navy Department, Washington, D. C. When requesting refer to Appendices by both title and number 
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Filter—A layer of absorptive material which is placed in the beam of 
radiation for the purpose of absorbing rays of certain undesired wave 
lengths and thus control the quality of the radiograph. 

Bucky diaphragm—A grid composed of small lead plates or sheets lying 
parallel to the emergent X-rays. This grid is oscillated during the ex- 
posure and serves to absorb secondary rays emergent from the object not 
in a direct line from the X-ray source thus preventing blurring of the 
image which would result if such scattered rays reached the film. 
Penetrameter (sensitivity gage )—A strip of metal the radiographic density 
of which is the same as that of the metal being tested, of suitable thick- 
ness and provided with a combination of steps, holes or slots. When 
placed in the path of the rays, its image provides a check on the radio- 
graphic technique employed. 

Focus-film distance (abbreviated F.F.D.)—The distance in inches between 
the focal spot of the X-ray tube or the radium capsule and the film. 
Halation—The spread of the image in regions of intense exposure due to 
photochemical action in the film or intensifying screens or to fluorescent 
light scatter, but not to scattered radiographic rays. 

Undercut (edge halation)—The excess blackening of the film within the 
image of any unblocked edge due to secondary radiation passing around, 
not through, the object. 

Fog—A darkening of the film resulting from chemical action of the de- 
veloper, aging, scattered secondary radiation, or exposure to visible light. 


III. GENERAL REQUIREMENTS 
Source of radiation—Either gamma-rays or X-rays may be used (see 
note 1). 
Accredited laboratories and process approval : 
|) Before any private laboratory will be permitted to perform radio- 
graphic examination for the Bureau of Ships using either X-ray or 
gamma-rays, a process approval test will be required. 


For qualification under the Bureau of Ships a set of radiographic test 
blocks shall be obtained through the Naval inspector. These blocks 
contain synthetic defects of known size and location and shall be 
radiographed in duplicate by the exhibitor using his regular technique 
in accordance with directions furnished with the blocks. After pro- 
cessing, the duplicate radiographs shall be forwarded to the bureau 
via the Material Laboratory, Navy Yard, New York, for interpre- 
tation. 


Films—All films for use under this specification shall be in accordance 
with the latest issue of Navy Department Specification 18F1, Film, Radio- 
graphic, Industrial. 
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Intensifying screens: 


(1 


) 


Lead intesifying screens approximately 0.006 inch in thickness shal} 
be used in the production of radiographs using gamma-rays. They 
may be used where desired in the production of X-ray radiographs 
where the use of industrial intensifying screens is either impracticab| 
or unsuitable. When lead screens are used in the radiography of 
castings, duplicate films shall be exposed in the same cassette, th: 
arrangement being as follows: 
Lead-film-lead-film-lead. 

Care shall be taken that the lead is free from wrinkles and that it lies 
in actual contact with the film at all points. The use of paper or 
other material between the film and the lead will not be permitted 
Chemically coated screens shall ordinarily be used in the production 
of X-ray radiographs. Where their use is impracticable, such as in 
locations where it is necessary to bend the cassette, lead screens shall 
be used. Chemically coated screens shall not be used with the non- 
screen types of films. Lead screens are suitable, however, for use wiih 


this type of film. (See note 4.) 


Penetrameters—All radiographic examinations shall be performed with a 
technique which will be capable of indicating the presence of defects 
having depths equal to 2 per cent of the thickness of the material being 
tested, and a width equal to 4 per cent of the thickness of the material. 
To determine the requisite sensitivity of the radiographic technique being 
employed, penetrameters made of material, the radiographic density of 
which is approximately the same as that of the material being radio- 


graphed, shall be used. 
1) Position of penetrameters—In general, penetrameters shall be placed 


ho 


on the source side of the object being radiographed. All radiographs 
shall show the image of the penetrameter except in cases where a 
number of films are exposed at the same time, all conditions of ex- 
posure such as metal thicknesses and source to film distance being the 
same with all films, in which case only a single radiograph of the 
group will be required to show the penetrameter. In this case the 
control film shall be adequately referenced and shall accompany the 
other films of the same group submitted for interpretation. 

Where the thickness of the metal is not uniform but does not var 
by more than 1% in. in section, whichever is the lesser, over the area 
covered by a single radiograph, one penetrameter shall be required. 
which shall be located at the point of the mean thickness. 

If the thickness of metal covered by a single radiograph varies b 
more than 50 per cent of the maximum thickness or by more than 
Y in., whichever is the lesser, suitable penetrameters shall be placed 
at the thinnest and the thickest portion being radiographed. 
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4) For positioning of penetrameters in radiographing assembly welds 
see paragraph IV(b) 4. 

5) Penetrameter design—Acceptable designs of penetrameters are indi- 
cated by Figs. 1 to 6, inclusive. 

f) Limiting distances—During exposure the film shall be as close as prac- 
ticable to the surface of the object being radiographed. 

(1) When using gamma-rays the focus-film distance for maximum registry 
of defects will depend upon the size of the radium capsule and the 
thickness of the metal being radiographed. Table 1 shows the short- 
est focus-film distance which shall be used in radiographing 1-in., 
3-in. and 4-in. sections of steel with different size radium sources. 

Table 1 
MinimuM Focus-FiLm DIsTANCE FoR GAMMA-Ray RapioGRAPHY 


————— Section Thickness— 





Source Mg. 1 3 4 
Inches Inches Inches 

25 6 9 15 

100 8 10 17 

250 10 12 20 

500 14 16 23 


2) When radiographing flat surfaces, the focus-film distance shall be not 
less than the largest linear dimension of the area being radiographed. 
3) When using X-rays the fous-film distance shall be not less than seven 
times the thickness of the metal being radiographed and in general, 
the distance shall be not less than 36 inches. (See note 5). 
All radiographs shall be free from processing or other film defects which 
would interfere with proper interpretation of the radiograph. When an 
apparent defect is indicated by any radiograph which, by comparison with 
the object being radiographed, is shown conclusively to be entirely on 
the surface, the area on the radiograph shall be encircled by the Naval 
inspector and identified as a surface imperfection by the letter “S” placed 
immediately adjacent to the encircled area. Great care shall be taken to 
ascertain that such markings are due entirely to surface markings and not 
partly due to underlying internal defects. 


JQ 


h) Identification markers shall be placed on the film side of the casting in 
such a manner that the images will appear on the radiograph. The loca- ; 
tion of these markers shall be accurately and permanently stamped or 
stenciled on the metal surface in order that the orientation of the radio- 
graph may be established and the defects indicated on the negative 
accurately located in the object radiographed. Where such stamping or 
stenciling is impracticable the outline of the cassette may be painted on 
the object radiographed with sufficient permanence that it will be avail- 
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able as long as necessary in the repair of defects and the location of film 
for radiographing repairs. 

When doubt exists concerning the interpretation of radiographic negative 
reradiographing may be required. (See note 6.) 


A photograph, sketch or marked plan shall be submitted showing the exact 


location of all radiographs in such a manner that the location of an 
defect may be positively identified with respect to the object radiographed 
The necessity for repair of defects revealed by radiographic inspection or 
the acceptability of defects without repair shall be determined by com. 
paring the radiographs with a set of radiographic standards applicable 
the object radiographed. 


IV. DeratL REQUIREMENTS 

Radiographic examination of castings: 

(1) Where radiographic examination of castings is required by the ap- 
plicable specification or by the contract or order, radium, films and 
cassettes will be furnished by the bureau via the Naval inspector 
Although the Government will be responsible for processing the films, 
it may be to the advantage of the contractor to furnish the radio- 
graphic accessories and processing facilities without cost to the Gov- 
ernment, in order to expedite completion of the contract. When the 
radiographic examination is performed using X-ray machines belong- 
ing to the contractor, no charge shall be made to the Government for 
the use of such X-ray machines or the power consumed thereby. All 
phases of radiographic inspection shal] be under the supervision of 
the Naval inspector who will interpret the radiographs or forward 
them to the bureau for action in accordance with applicable directives 


ho 


Radiographic examination shall be conducted on the first casting o! 
a particular design in those locations indicated on a plan marked 
by the bureau. 

(2)a Three copies of type B plans or contractor’s working drawings 
shall be forwarded to the Bureau of Ships to be marked for 
radiographic examination. One of the marked plans will be 
retained by the bureau and 2 copies returned to the inspection 
activity. One of these plans shall be forwarded to the con- 
tractor who will incorporate the markings on the plans. The 
plans will be marked with symbols in accordance with General 
Specifications for Inspection of Material Appendix II, Metals 
Part F, section F-2. These markings shall also be incorporated 
in the type D or other plans which are prepared for ship's ust 
in order to keep a permanent record of the castings which have 
been radiographed. In lieu of incorporating the radiographic 
markings on the regular plans, where such markings maj 
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obscure necessary details, a separate plan may be prepared 
showing the necessary design details and on which the mark- 
ings may be incorporated. Such a plan should be positively 
identified with the plan on which the part is detailed. 

If the Naval inspector has reason to believe that harmful defects 
exist in parts other than at those locations marked for radio- 
graphic examination, he shall reject the casting. If the manu- 
facturer wishes to salvage the casting the Naval inspector may 
request radiographic examination at the suspected areas in 
order to determine the presence and extent of the defects. 


3) When a number of castings are to be made from the same pattern or 
design by the same foundry (port and starboard castings and right 
and left-hand castings are considered as the same design provided all 
details except opposite hand locations are the same), the amount of 
radiographic examination to be conducted on subsequent castings of 
the same design may be reduced as the Bureau of Ships or its 
authorized representative considers permissible after examination of 
the radiographs from the first casting, provided the same foundry 
technique is used in producing the subsequent castings. 


(3)a 


(3)b 


(3)c 


(3)d 


(3)e 


If, at any time after the first casting is produced, the manu- 
facturer elects to alter his foundry technique in order to elim- 
inate defects revealed in the first or subsequent castings, the 
first casting submitted for inspection after such change shall be 
considered as a new “first casting” and shall be subjected to 
radiographic examination in accordance with the marked 
plans. 

When the manufacturer has a number of orders for duplicate 
castings and employs the same foundry technique in their pro- 
duction these castings may be considered as subsequent castings, 
provided that not more than six months shall have elapsed be- 
tween the completion of one order and the start of the suc- 
ceeding order. Where more than six months have elapsed be- 
fore starting the manufacture of a succeeding order, the first 
casting of the new order shall be radiographed in accordance 
with the marked plans. 

Where a number of castings of the same design are produced 
by a standardized technique, the Naval inspector shall select 
at least one casting from each lot of twelve subsequent castings 
produced and shall subject the selected castings to radiographic 
inspection in accordance with marked plans. 

All integrally cast bosses and all chaplets and internal chills 
shall be radiographed on all castings, even though the radio- 
graphy is not indicated on the marked plan. 

Radiographic examination shall be conducted on the heat 
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treated and, in most cases, on the rough machined casting 

Where radiographic inspection after rough machining jl) 

unduly delay completion of the contract, such inspection may 

be made before machining provided that the surface of the 
casting is sufficiently smooth and the cross section is sufficiently 
close to that of the rough machined casting that no internal 
defects are obscured and the sensitivity is equal to 2 per cent 
of the rough machined dimensions. 

(b) Radiographic inspection of welds. 

(1) All assembly and repair welds shall be radiographed when the ma- 
terial being welded is intended for service in an application class 
requiring radiographic inspection as defined in Subsection S1-4 of 
General Specifications for Machinery, or listed in the Navy Depart- 
ment and Bureau of Ships specifications, covering the particular class 
of material. (See note 7.) 

(1)a Welds in steel piping under classification P-1 of Subsection $1-4 
of General Specifications for Machinery shall be radiographed 
when the inside diameter of the pipe is greater than 2 inches. 
(1)a(1) When radiographing welds in steel piping the inside 

diameter of which is 24% in., 3 in. or 3% in. only on 
exposure shall be required per weld, the cassette being 
placed flat against the outside surface of the pipe, and 
the source located opposite in such a manner that the 
rays pass through the pipe at an angle not less than 15 
degrees to a plane passing through the weld. 

(1)a(2) When radiographing welds in piping the _insid 
diameter of which is 4 in. or greater, the cassettes 
should be placed inside the pipe where this is prac- 
ticable, in order that the rays shall be required to 
penetrate only one thickness of metal. At least six 
exposures should be made in radiographing the full 
extent of the weld. 

(1)a(3) In locations where it is impracticable to place the 
cassette inside the pipe, the inspection may be con- 
ducted as described in paragraph (1)a(1), except that 
at least four exposures shall be required to radiograph 
the full extent of the weld. 

(1)a(4) When the diameter of the pipe or cylindrical casting 
is such that the source of radiation may be located 
inside without reducing the focus-film distance below 
the requirements of paragraph III(f) the cassettes 
may be grouped around the outer surface of the 
cylinder. With such an arrangement it may be pos- 
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sible to radiograph a complete circumferential weld 
with one exposure. 

The surface of all welds shall be cleaned and if necessary ground 

sufficiently to remove all surface imperfections which may obscure 

internal defects or which may be identified as such. 

Identification markers and penetrameters shall be placed within 

4, in. of the toe of the weld as illustrated by Fig. 7 in order to indicate 

the location and extent of the weld on the radiograph. When the 

dimension of the film in the direction of the weld is not greater than 

6 in., only one penetrameter will be required to be visible on each 

film; above this dimension, two penetrameters shall be used. At least 

two identification markers shall be visible on each radiograph of 
assembly welds, and the distance between any two adjacent markers 
shall not be more than 6 in. 

In general, the penetrameter shall be placed on the source side of 

the actual area being tested. 

(4)a When a single exposure is made with source and film, both out- 
side the pipe in order to radiograph a complete weld, the 
penetrameter shall be placed on the outside of the pipe nearest 
the source of the rays. 

4)b When more than one exposure is made with the film and 
source both outside the pipe, the penetrameter shall be located 
inside the pipe adjacent to that part of the weld which the 
radiograph represents. 

4)c When a number of exposures are to be made with the source 
outside the pipe and the film inside, the penetrameter shall be 
placed on the outside of the pipe nearest the source of the rays. 

4)d When radiographing an assembly weld with the source located 
inside the object under test the penetrameter shall be located 
on the inside surface. 

(4)e In cases where placement of the penetrameter on the source 
side is impracticable without cutting a hole in the wall, the 
penetrameter may be placed on the film side of the object 
being tested under the following conditions: A test radiograph 
shall be made duplicating all the conditions under which the 
actual inspection shall be conducted. Similar penetrameters 
shall be placed on the source and the film side. If the penetra- 
meter on the source side indicates the required sensitivity, the 
image of the penetrameter on the film side shall be used as a 
standard for interpreting the sensitivity obtained in the actual 
inspection radiographs where the penetrameters are placed on 
the film side. 


¢) Radiographic inspection of materials other than castings or welds shall 
be conducted as directed by the Bureau of Ships. 
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(d) Submission and disposition of radiographs. 

(1) The duplicate radiographs of the first casting shall be forwarded 
the Bureau of Ships or its authorized representative for interpreta. 
tion, action and decision concerning the locations to be radiographed 
on subsequent castings. The following information shall be furnished 
with each lot of radiographs representing each casting: 

Ship or group of ships for which casting is furnished. 

Name of casting and its location (port, starboard, forward, aft 
Name of contractor and order number. 

Bureau plan number on which the part is detailed. 

Material. 

Identifying symbol. (See note 8.) 

Location sketch, photograph, or plan. 

(2) Submission, storage and disposition of radiographs shall be in ac- 
cordance with instructions issued by the Bureau of Ships. 


NoTEs 
1. The following information js given as an aid in selecting the prope 
equipment for conducting radiographic inspection. 
la. Gamma-rays are especially useful where portability is a factor, the 
radium being capable of easv transportation from place to place, thus per- 
mitting radiographic inspection in locations where the use of an X-ray machine 
would be impossible. Gamma-rays are suitable for all thicknesses of steel in 
the range of ¥2 in. to 6 in. Above this thickness, the necessary exposure time 
becomes so long that the use of gamma-rays is impracticable in most cases. 
lb. X-rays produced by 140 KV equipment are suitable for radiograph- 
ing steel up to approximately 1.25 in. in thickness, their greatest use being in 
the inspection of piping welds and other thin, uniform wall material. The 
sensitivity and detail obtained with such low voltage X-rays are usually 
superior to those which can be obtained by gamma-rays. 

lc. X-rays produced by 200 to 220 KV are suitable for uniform steel 
thickness up to approximately 3 in. with a sensitivity about equal to that 
obtained with gamma-rays in 3-in. sections but superior to gamma-rays in 
thinner sections. A Bucky diaphragm should be used when radiographing 
steel sections greater than 21 in. 

ld. X-rays produced by 400 to 500 KV are suitable for uniform steel 
thickness up to approximately 41/2 in., producing a sensitivity in such sections 
approximately equal to that obtained with gamma-rays. A Bucky diaphragm 
should be used when radiographing sections above 3 in. 

le. X-rays produced by a 1000 KV source have wave lengths approach- 
ing those from radium and are suitable for steel thicknesses as high as 8 in 

2. The exposure time for either gamma-rays or X-rays is a function of the 
density of the material being radiographed, the required exposure time increas- 
ing as the density of the material increases. 
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In using X-rays of 500 KV or less intensity, on nonuniform thicknesses 
of metal, it may be necessary to take separate exposures for the different thick- 
nesses, or block up the thinner sections with copper powder or other suitable 
material in order to increase the radiographic density of these thinner sections 
to that of the heavier sections. It is also necessary to block holes and edges 
of the material in order to prevent halation and undercutting. It is usually 
necessary to back up the cassette with lead when using X-rays from potentials 
of 500 KV or less. When using gamma-rays or 1000 KV X-rays this blocking 
{ the thinner sections and edges is usually not necessary. Gamma-rays and 
000 KV X-rays are especially useful in radiographing nonuniform sections 
vhere blocking is impracticable. 

When duplicate X-ray negatives are desired, they may be obtained by 
ising lead screens as for gamma-ray radiography with little or no increase in 
the tube voltage. By the use of a flexible double-faced chemically coated screen 
not over 0.05 in. in thickness placed between the two films, duplicate exographs 
may be obtained using the regular industrial cassettes fitted with chemically 
coated screens with approximately 5 per cent increase in the exposure time 
r the voltage. 

When using 140 KV or lower voltage X-ray equipment, it may be pos- 
sible to obtain satisfactory results with a 24 in. or even shorter focus-film 
distance. The minimum focus-film distance with 1000 KV X-rays is usually 
72 in. However, when very low currents are being used with 1000 KV equip- 
ment, the size of the focal may be reduced which will permit shorter focus- 
film distances. 


6. When making a second radiograph it will often be advantageous to alter 
the position of the source and film in order that the defect may be registered 
from a different angle. This should aid, not only in the correct interpretation 
of the defect, but alsc in determining its exact location in the object being 
radiographed. The use of stereoscopic radiography is recommended wherever 
practicable. By this method, two radiographs are made of the same defect, the 
only difference in the two exposures being that the focal spot is displaced a 
distance of approximately one inch for each 10 in. of focus-film distance. 
When the two radiographs are viewed stereoscopically, it is possible to visualize 
the third dimension, and thus determine the shape of the defect and its loca- 
tion with respect to the surfaces of the object being radiographed. 


After a major defect has been removed the area should be radiographed 
in order to determine whether the removal of the defect is complete before 
welding. This radiograph will often obviate the necessity for radiographing 
prior to the removal of a defect révealed by surface inspection or other means. 


8. The identifying symbol should be decided by the Naval inspector and 
should be transferred to the casting in such a manner that it shall form a 
means of positive identification when the casting is installed. 











==) 


RADIOGRAPHIC SPECIFICATIONS. AND STANDagp< 


1102 


2 3yundl4 


‘MILINVULINGG 

3HL 40 SSINMIMML JHL S3ONMIL ALdid S' ONY GBS 3B O1 S! BILIN 
“VULINGd BY INDILUVd JHL HOIHM HLIM TVL3N BHL 40 SSINNDIHL 
3HL SLM3S3Ud3U WILINVYLINId HOVI NO C3IdNVLS BIENWON 3HL 
AX™O SNOILD9S MBOJINA BOs JIGVLINS BILINVHLINIG 3009 YITIOE 


WOIHL &%Z Y3AO SNOILI3S HOS YIL3WVELINId 
91/1 NWHL $$37 LON $370H 40 ‘WIG 
SSINNDIHL NOILO3BS 40% 221 JLON 


(q) 
HOIM ,@/E ASV31 LV SUIGHAN ONIASILNIO! 


fe = 
| 


(2) 
WOIKL 2 ONIONION! @ OL dN SNOILO3S HOS Y3L3SWVHL3N3d 


HOIH ,.e/1 
2 I 


ASV¥327 AV SUJGANN ONIAZILNIO! 
lv ag. , s&2 
' 
zo & > 2, 


_<s 


acerne 
2 


/\ 





ool 


























.S 








1 “Sid 
Y3LIWVYLIN|d d3ls 


(q) 
24% OL 2 NOILD3S Wi3M OSs 


060 080° » 040 090 O60 ~090 
ae bits OO Re 2c cai ale oe 
F 





. u <_< t 










































































74) 
| is 
a, ‘vid .9I/E— 
(®) 
»2 ONIGNIONI @ Ot dN NOILIIS WAIN WOS 
,Ov0 ,0€O ,020 ,010' — .200 - 
en <p a ‘el e 
ee ee 
e— 271 —»y 
%| D--| @ 
= % 
\—$30H ‘wid , 917¢ 
“Sava 40 


NOILI3MIC BHL OL SJIONV LHOIM LY ALIAILISNSS JLVDION! OSI¥ 
TUM BBLINVELINSd BH ‘(NIN WIC 91/1) SSINNDIHL d3LS ONIONOd 
~S3uuOD JHL S3IWIL 2 JOVW Si JOH HOVE 40 BBLINVIO DHL 4 
AWO ALIAILISNSS SSINMIIHL SBLVDION! UILINVELINGd 3dAd SIL 





BuREAU OF SHIPS 


1103 








La a 


D#2T (Vig MIN.) 





“— We t%> 01 e MIN.) 























2 go =e 


INDIVIDUAL PENETRAMETER PIECES. SEE FIGURES 4 AND 5 
FOR ACCEPTABLE METHODS OF USING THESE PIECES 


FIGURE 3 
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2% THICKNESS 4°. THICKNESS 6 °/e THICKNESS 


NOIVIDUAL PENETRAMETER PIECES TO BE SELECTED REPRESENTING 2°/., 4 */. AND 
8°. OF SECTION THICKNESS AND PLACED ON SOURCE SIDE OF AREA BEING TESTED 








ANO HELD IN PLACE WITH ADHESIVE 


TAPE iF NECESSARY. THE CORNER TO CORNER 
ARRANGEMENT AS ILLUSTRATED |S PREFERABLE TO A PARALLEL SIDE ARRANGEMENT. 


FIGURE 4 


NOTE THICKNESS OF PENETRAMETER PIECES SAME AS SHOWN IN FIG |. OTHER 
DIMENSIONS SAME AS SHOWN IN FIG 3 


ADHESIVE TAPE TO BE FOLDED LENGTHWISE OVER PENETRAMETER 
PIECES (PIECES TO BE SPACED APPROXIMATLY 1/8 eels 
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TAPE a gee TER 
FIG 5 
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DOUBLE THICKNESS STRIP PENETRAMETER 
FIG. 6 
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IDENTIFICATION 
MARKERS 





POSITIONING OF PENETRAMETERS AND IDENTIFICATION MARKERS 
FOR EXAMINATION OF WELDS 
FIG 7 


Appendix II 
GENERAL SPECIFICATIONS FOR INSPECTION OF MATERIAL* 
AppENDIx I[I—METALS 
Part F—RADIOGRAPHY 
SecTIon F-2, RapioGRAPHIc SYMBOLS 


Sub-Section |. Applicable Specifications. 


la. This appendix forms a part of the Navy Department General Specif- 
cations for Inspection of Material, of the issue in effect on date of invitation 
for bids, and bidders and contractors should provide themselves with the 


necessary copies. 


lb. This appendix covers methods of indicating the placement of radio- 


graphic film cassettes and the radium or X-ray focal spot when radiograph 
examination is specified as a method of inspection. 
lc. The following Navy Department Specification is applicable to work 
performed in accordance with the directions given herein and contractors and 
bidders should provide themselves with the necessary copies: 
General Specifications for Inspection of Material: 
Appendix II—Metals, Part F—Radiography; 
Section F-1—Definitions and Radiographic Requirements 
ld. The following Bureau of Ships Standards are also applicable to work 
performed in accordance with the directions given herein: (see note 7 
Radiographic Standards for Steel Castings, edition of July 1, 1942 
Radiographic Standards for Class Al Welds, edition of Oct. |, 1940 


*Navy Department, Washington, D. C., 1 August 1942, Preliminary Draft (Superseding edt! 
December 1939). 
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Sub-Section 2. Detail Requirements. 
Plans which indicate the location of radiographic film cassettes and of 


radium or X-ray focal spot shall use radiographic symbols as set forth here- 


inaftet 
9a. Film location symbols. 
’a(1). Where the film is perpendicular to the plane of the plan, it shall 


i 


be indicated by a straight line, thus: 





2a(2). Where the film is paralled to the plane of the plan, it shall be 


indicated thus: 














2a(3). Where the film is to be placed at an angle to the plane of the 
plan and a sectional symbol cannot be used, it shall be indicated by a rectangle 
r parallelogram. 
2a(4). Where a continuous section is to be radiographed throughout its 
omplete extent, the placement of films shall be represented where practicable 
m a sectional or other view by a single symbol, thus: 
O 


Where the exact location of films cannot be indicated by any of 





2a(5). 
the above symbols, the areas or sections to be radiographed shall be indi- 


cated thus: 


2b. Radium or X-ray focal spot symbols (see note 2) 
2b(1). The location of the radium capsule or X-ray focal spot shall be 


ndicated thus: 


2b(2). Where the use of the above symbol is impracticable, arrows point- 


ug to the film and indicating the direction of the rays shall be used thus: 


if 
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2b(2)a. Where the actual focus-film distance is indicated, it shal] }, 


shown thus 





—~— —l24 
the number indicating the focus-film distance in inches. 


2b(2)b. Where: the distance indicated is the minimum to be used but 


this distance may be increased (see note 2), it shall be indicated thus: 





=— 124 MIN. 


2b(2)c. When the source is to be located at the centerline of the part 


being radiographed, it shall be indicated thus: 


) Casting Classification Symbols: (see Radiographic Standards 


aC. 





2c(1). Where the casting classification is indicated in connection 


= 


film symbols, it shall be shown thus: 








or thus: or thus: 


3 











the number indicating the casting classification for the application ol 


Radiographic Standards, (see note 3). 
Sub-Section 3. Explanations. 

3a. All radiographic symbols showing areas to be radiographed, location ol 
films, and location of radium capsule, or X-ray focal spot shall be placed on 
the plan in a color or marking which will easily distinguish them from the con- 
struction and dimension lines. 

3b. Film Locations. 

3b(1). Location of radiographic films shall be indicated by a straight 


line, thus: 
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irved line, thus: ora rectangle, thus: 


Je —_—#¢— 

















WILL ) 


























—— Sh ————— if 


}b(2). When any continuous section is to be radiographed throughout its 
complete extent, it may be represented as a sectional or other view by a single 
symbol, thus: 


Li. 














y which indicates 
. this arrange- 
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(ff ment of 


films 








SECTION A-A 























wr thus: 
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which indicates 
y this arrange- 
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0 films 
SECTION B-B — 
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ib(3). When exact location of film cannot be shown by ordinary symbok 
the exact film and radium locations shall be left to the judgment of the inspec. ' 
tor and the area or section to be radiographed shall be indicated thus: 
wl 
3c. Radium or X-ray focal spot locations. 
3c(1). When it is desired to show the location of the radium capsule in 
respect to the film, it shall be indicated thus: 
mae 
] 
sing 
abe 
a5 Sy ‘ : : to b 
3c(2). If the dotted lines obscure dimensions or other details of the draw- 
ing, it shall be indicated thus: (The-same letters are to indicate the film and . 
tiple 


radium capsule involved in the same exposure or set-up. ) 
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3)qa. If two or more film locations are to be exposed, the location of 


JA 


the radium and films may be indicated thus: 
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which in a 




















[he same letters are to indicate the films and radium capsule involved in a 
single exposure or set-up such as: 

Films labeled A should be exposed with radium at location A, those 
labeled B should be exposed with radium at location B. (Positions A and B 
to be radiographed by separate exposures. ) 

3c(3)b. The film and radium locations may also be indicated in a mul- 


tiple exposure, thus: 
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Sub-Section 4 Notes. 

1. Radiographic Standards are not available for general distribution. ( 
tractors holding Bureau of Ships contracts in which radiographic inspection j 
specified may obtain copies of the standards upon application to the Bureay 
Bidders and potential contractors may examine copies of the standards at ¢! 
following offices: 

Inspectors of Naval Material 
Inspectors of Machinery, U.S.N. 
Supervisors of Shipbuilding, U.S.N. 
Commandants, Navy Yards. 

2. It may not be necessary to indicate the position of the source of th 
rays in all cases, as many exposures may be made with different focus-filn 
distances, as determined by the time available such as set-ups using overnight 
exposures. Where a definite focus-film distance is necessary, however, 
should always be indicated. 


2 


of indicating it on each symbol. Where all parts on a plan have the sam 


classification, this classification my be indicated by a note on the plan. In 


cases where a single part belongs to two or more casting classifications, thi 
separate sections may be indicated where practicable by lines drawn across th 
part and the corréct classification indicated by a suitable note in each section 

4. Copies of Navy Department specifications may be obtained upon appli- 
cation to the Bureau of Supplies and Accounts, Navy Department, Washington 
D. C., except that Naval activities should make application to the Con 
mandant, Navy Yard, New York, N. Y. When requesting, refer to specifica- 


tions by both title and number. 


5. Copies of this specification may be obtained upon application to th 
Bureau of Ships or the Bureau of Supplies and Accounts, Navy Department, 
Washington, D. C. When requesting, refer to specification by both title anc 


number. 


3. When a part to be radiographed is in a single classification, this classi- 
fication may be stated adjacent to the detail of the part on the plan in lieu 
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X-ray Micrography as a Tool for Foundry Control 


By Les.tie W. BALL*, BurBANK, CALIF. 
Abstract 


This paper briefly traces the use of X-ray micrography and shows 

hat with the proper equipment and technique the procedure can be 

mplified. The paper shows that microcavities can be studied in suffi- 

ient detail to enable their proper diagnosis and correction. The paper 

iulso shows that an identification library of radiographs together with 

rresponding micrographs can be provided to assist X-ray interpreters 
naking decisions regarding castings. 
INTRODUCTION 

In good foundry practice it is usual to analyze sample castings and 
en to make adjustments in some of the production conditions. Any method 
asting analysis which tells the foundrymen how the quality of his product 
be improved, merits the term “A Tool in Foundry Control.” 
2, In this respect, ordinary radiography has been a tool in foundry con- 
ol for many years. However, with some types of defects the information 
ments were needed. 

These ordinary X-ray pictures, as we have known them for the past 
lecade, have been of the same size as the casting. They have been examined 
sually without any magnification. When occasionally radiographs were 
examined with, say, a 10-power reading glass, no advantage was achieved. 

The uselessness of magnification was due to two factors. First, the 
mulsion on X-ray films was so coarse grained that it could not resolve fine 
etail. Second, in general practice X-ray pictures were made with a com- 
ete casting, some of whose sections were not in contact with the film. This 
meant that very fine detail could produce only a blurred image. 

). In recent years, both of these factors have been overcome. It is now 
possible to obtain much valuable information by examining suitable radio- 


graphs with a microscope at magnifications of from 2 to 200 diameters. 


5. The term “X-ray micrography” should be applied to any X-ray picture 
in which viewing by a microscope or microphotography is used to bring out 
metallurgical information. 


*Triplett & Barton, Inc. 
7 Nore This paper was presented at an Aluminum and Magnesium Session of the 48th Annual 
*eting, American Foundrymen’s Association, Buffalo, N. Y., April 25, 1944. 
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7. Most of the published papers on X-ray micrography have discusseg 
rather refined and laborious procedures. They have described the use of 
special X-ray tubes and other complexities. Our experience has led us to 
recommend a very much simpler type of X-ray micrography for foundry 
investigations. This simple procedure is entirely satisfactory for indicating 
the cause and the cure for many types of casting defects. It also has been 
of great value as a method for establishing quality standards for different 


types of casting service. 


TECHNIQUE 

8. Historically, the first successful applications of X-ray micrography were 
in the study of biological subjects, such as the anatomy of insects. For this 
purpose, X-ray tubes operated at 5 to 10 kv. were found to be suitable. When 
the same equipment was used for examining metals, it required the prepara- 
tion of slices of metal as thin as 0.0005 in. The preparation of these extremely 
thin slices was tedious. We have given a great deal of attention to preparing 
slices of metal and, in particular, we have exploited the metallographic cut 
off wheel for this purpose. 

9. Fortunately, our experience has shown that specimens of from 0.005 
to 0.050-in. thick are most suitable in the investigation of foundry problems. 
Specimens of this thickness can be cut from any part of a casting, in a matter 
of minutes, by use of a suitable cut-off wheel. 





Fie. 


10. It is our practice to clamp small castings in a specially designed vise, 
or to remove small sections from large castings with a band saw and then to 
mount these sections in the special vise. This vise must be extremely rigid 
and capable of being moved parallel to the axis of the cut-off wheel. 

11. Figure 1 shows the preparation of slices from a small casting. Figurt 
2 shows how accurately and uniformly a definite slice thickness can be cut. 
Figure 3 shows two slices from another casting mounted on an X-ray film 
holder. For most problems it is satisfactory to place the slices on top of the 
opaque paper, but in a few cases, the slices are attached directly to the X-ray 
film or plate inside the holder. 

12. Figure 4 shows an unmagnified radiograph of a slice from a mag: 
nesium sand casting. The dark area corresponds to defective metal, but the 
nature of the defect is not obvious. Figure 5 shows a small region of the 
same radiograph magnified 50 times. The detail seen on this illustration » 
similar to that obtained by placing the film under a microscope and viewing 
it with 50 diameters magnification. 

13. The type of picture shown in Figs. 4 and 5 is made by X-raying 4 
slice of metal exactly as it comes from the cut-off wheel. There is no other 
preparation of any kind. Only one tungsten or molybdenum target X-ray 
tube is required. It should have some type of thin window and should be 
operated at 20 to 50 kv. The exposures times are in the range of from 10 st. 





Fic. 2 


BE, 








Fw. |\—Hicu Speep Cut-orr WuHeer Arrancep For Suicinc A Smaut. Castinc. Note Tuat Vise Can Be 
Movev PARALLEL TO THE Axis OF THE WHEEL. 























2—Six Curs Can Be Seen in THE Hus or Tus Smaut Puttey Castinc. Tuey Prove Five Suces 
ror X-ray MicrooraPHy. 





1114 X-RAY MICROGRAPHY IN FouNprRy Contro L 
Fic. 3—Fitm Howtper with Two Stices or Metat Mountrep Oursipe oF THE BLACK Paper 

to 10 min. Because the speed of the finest-grain plate is 1000 times less thar 

that of ordinary X-ray film, it is very desirable to have available three typ 

of film or plate. The first type should have the high speed and fine grain o 

the best commercially available double emulsion X-ray films. The second 

type should have the moderate speed and the much finer grain obtained i: 

spectroscopic plates. The third type should be one of the extremely fine- Fic 

grained plates used for making optical graticules. The best pictures alway " 

will be obtained on the finest grained plate. For practical purposes, magnifica 

tions of from 1 to 10 can be made from the X-ray film; magnifications o! 

from 5 to 50 from the spectroscopic plate, and magnifications of from 25 t 

200 from the special graticule plate. to 
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Fic. 4—Unmacnirirp RapiocraPH OF A SLICE oF A MacNnestum Castine SHowinc MIcROSHRINKAGC 
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Fic. 5—X-ray MicroorapH or A SMALL Area oF THE SAMPLE SHOWN IN Fic. 4. THe Dark Network 
Corresponps To Grain Bounpary SHRINKAGE CAVITIES AND THE Wuive Dots ro SeoreGaTION oF A Heavy 
Meta, Propasty MANGANESE. MAGNIFICATION, ! , 


APPLICATIONS 


14. Now let us consider three specific applications of X-ray micrography 
to the analysis of castings. The most important of these is the study of micro- 
cavities. These microcavities are too small and too dispersed to be studied ir 
detail by ordinary radiographs or by fracture tests, but their presence does 
affect the serviceability of a casting. 


Microcavities 

15. Figure 6 shows the simplest type of microcavity. It is the well-known 
gas porosity in aluminum castings. In this case, the individual cavities are 
spherical. The exact type of defect shown here does not have much effect 
on the strength of the casting, but there are other similar defects which do 
have a very marked effect on the casting strength. 

6. Figures 7, 8 and 9 show some of these other types of microcavity. 
With good X-ray technique, the presence of microcavities is revealed on 
ordmary radiographs. In the case of aircraft and other high quality castings, 
mcrocavities may lead to rejection. Some of the larger types also show on 
moothly machined surfaces. This, also, may lead to rejection. In either case, 
X-ray micrography can provide the detail necessary for the recognition of 
the cause of the microcavities and for their elimination by adjustment of 
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Gas Porosity 


IN AN ALumiNuUM CastInG. Maconirication, 10X. 
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Gas Porosity 


Mooiriep By SHRINKAGE. Macnirication, 1UX. 
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Fic. 8—Suerink Pokostry tN AN ALUMINUM CASTING. MAGNIFICATION, 30X 





the foundry practice. The foundry factors concerned are: contamination of 
the melt by gases, shrinkage forces acting on the plastic metal, too slow a 
rate of cooling and the presence of scattered points of weakness due to finely 


dispersed oxides, etc. 


Segregation 

17. The second important application of X-ray micrography is the study 
of segregation in certain alloys and, particularly, in the copper-aluminum 
alloys. Figure 10 shows segregation in the corner of a box-shape casting. 
Figure 11 shows an enlargement of a radiograph of this type of defect. It is 





fic. 9—Sueink Porosity 1x 4 90 Per Cent AtuminuM-10 Per Cent Maonestum Castine. Maonirication, 4X. 
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Fic. 10—Srress SEGREGATION IN A 96 Per Cent ALumINUM-4 Per Cent Copper ALLoy. Maonirication, 2X 


obvious that the line of segregation is produced by the low-melting-point 
constituent flowing through the grain boundaries and filling up an incipient 
tear. This defect can be due to too high core strength. 

18. Figure 12 shows a section from a leaded bronze bar. In this case, the 
dark copper segregation and the light lead segregation represents good metal 
Figure 13 shows an enlargement of a radiograph of a similar alloy. 


efec dentification 
Defect Ident 


19. The third important application of X-ray micrography is as a method 
of identifying defects seen on ordinary industrial radiography. X-ray inter- 





Fic. 11—Srress Secrecation. Macnirication, 30X. 
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X-ray MicrocrapH oF A Section or a Leapep Bronze Bearinc ALLoy Bar. Tue Wuire Area 
RESPONDS TO Leap, THE Gray AreA TO Copper AND THE Brack Area TO A SHRINKAGE Cavity. Asout 
30 Gratns Can Be DistincuisHep. Maonirication, 4X 





preters have to make decisions involving many thousands of dollars worth of 
castings. We believe that their training for this task should be very thorough 
In our laboratories, one part of this training is provided by an identification 
ibrary of radiographs together with corresponding X-ray micrographs. A few 
examples will illustrate this method. 





13—Leapep Bronze. Two Grains Are Visipce, One iy Wuicn tHe Dentrites Are Seen Fiat On 
AND THE Orner iN Wuich Tuey Are Seen Enp On. Maonirication, 50X. 
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Fic. 14—Coitp Suut in AN ALUMINUM ALLOY PeNeTRATES ALMOST TO THE OuTER SuRFACE AND Is Seen 
as A Brack Line wirH SmootH WALLS. MAGNIFICATION, 4X. 


20. Figure 14 shows an X-ray micrograph of a common cold shut in a 
cylinderical section of'a casting. Its purpose is to bring out the differences 
between a cold shut and a crack. 

21. Figure 15 shows an X-ray micrograph of a dross inclusion. On the 
original radiograph this showed as a thin black line which could have been 
mistaken for a crack. The X-ray micrograph emphasizes the fact that dross 
does not always give an easily recognized X-ray pattern. 


& hes 


Many of these castings had been rejected after expensive machining had 


22. Figures 16 and 17 are X-ray micrographs from a bronze gear wheel. 





Fic. 15—X-ray Microcrarn or Four Suices TurovcH a Dross Inctusion. Maonirication, 3X. 









Fic CENTERLINE SHRINKAGE IN A SMALL Bronze Castinc. Maonirication, 2X 





16 





Fic. 17—Turer Suices rrom A Bronze Castine TAKEN Near THE Cope Surrace. Lower—Tiny Busses 
* Evotven Gas. Muppte—SuicnTty Larcer Busstes Formep sy CoaLescence. Upprer—C user 


Porosiry at THE Cope Surrace. Maonirication, 2X. 
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revealed small holes. Ordinary X-ray cut the machining cost 75 per cent by 
revealing the presence of the holes, but the type and cause of the defec 
remained in, doubt. Figure 16 clearly shows a centerline shrinkage requiring 
improved feeding; but Fig. 17 shows that pinholes were also occurring ang 
that their elimination required drier or more permeable sand. 

23. All of the illustrations so far have been of sand castings. However 
X-ray micrography is also a very useful tool in permanent mold and die cas. 
ing foundry control. Figure 18 shows five adjacent slices from a permanent 





Fic. 18—Sponce SHRINKAGE IN A PERMANENT Motp Castinc. MAGNIFICATION, 3X 


In this case, the defect as seen on the ordinary radiograph 


mold casting. 
shows that 


could have been diagnosed as dross, but the X-ray micrograph 
it actually was due to shrinkage. 

24. Figure 19 shows sponge shrinkage in a bronze casting, 
could have been diagnosed as dross. 

25. Figure 20 shows three adjacent slices from a high pressure 
The purpose of this test was to distinguish between cold shuts and cold shots 
in the casting. This particular defect appears to be of the type due to the 


inclusion of a frozen splash of metal. 


which also 


die casting 


CONCLUSION 
26. In conclusion, it should be emphasized that all the illustrations in this 
paper have been made exclusively by X-ray, and that in all cases the only 


preparation of the sample was the slicing by the cut-off wheel. 











Fic. 19—Sponce SHRINKAGE IN A MANGANESE Bronze Castine. Maonirication, 10X 








Fic. 20—Cotp Suor in « Pressure Mowtp Castinc. MacGnirication, 3X 


(Discussion begins on following page.) 
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DISCUSSION 


Presiding: Dr. N. E. Wotpman, Eclipse-Pioneer Div., Bendix Aviation Corp., Teter. 
boro, N. J. 

Co-Chairman: W. E. Martin, Sperry Gyroscope Co., Flushing, N. Y. 

O. J. Myers’: Is it possible to differentiate between burning and microshrinkage jn 
magnesium alloys by this method? 

Mr. Batu: Distinctions between the presence of oxide and the presence of cavities 
at the grain boundaries can be recognized by an experienced operator. 

For instance, in the aluminum 220 alloy, which contains 10 per cent magnesium, the 
degree of contrast between the sound and unsound region indicates whether the condi- 
tion present is that of oxidation or cavity. 

J. A. Duma’: The preparation of microradiographic slices of from 0.002 to 0.050-in 
thickness is no easy matter, and has given our machinists considerable trouble. Wil! 
you kindly clarify the cut-off wheel process? What microradiographic technique would 
you recommend for showing up the phase structure in a silicon-monel metal, which is an 
alloy of nickel-copper and silicon? By technique is meant kilovoltage, film, targets, and 
filters and screens which might be used to bring out the structural phases in that alloy 

Mr. Bax: In the preparation of the slices, the cut-off wheel can cut as thin as 0.010 
in. with very little trouble. To cut 0.005 in., great care is required in the way the wheel 
first touches the casting. The metal surface must be at right angles to the wheel and it 
must be smooth. For ordinary purposes, the as-cast surface is quite all right, but if we 
are trying to cut very thin slices we must cut into a smooth surface. Fortunately, in all 
those cases where we have had to have an extremely thin slice, we have required only a 
small area. 

We have thinned down slices from say 0.010 to 0.002 in. by taking a small area, say 
4-in. sq., and rubbing it by hand on a file. A very smooth file with plenty of oil is best 
If we try to thin down an area as large as one sq. in., this process becomes prohibitively 
slow. The cut-off wheel thickness has an effect on the cutting of thin slices. Wheels 
of 0.020-in. thickness are very fast, but they are rather flexible. A wheel thickness of 
0.032 in. is very suitable for general purposes. A minimum wheel speed of 1000 rpm 
is required for accurate slicing. 

On the problem of an alloy with silicon, copper and nickel, any normal technique will 
distinguish between the silicon and the other two metals. We would start at about 40 
kilovolts with a thickness of 0.020 in. If the structure within the grain is to be studied, 
then the thickness of the metal must approximate the grain size of the sample. To 
distinguish between copper and nickel requires that monochromatic zinc radiation be 
used. Characteristic zinc radiation corresponds to only 10 kilovolts. This means that an 
extremely thin specimen would be required. It would be necessary to use a zinc target 
tube with a copper filter. 

J. F. Epnze’: Is there any particular advantage to be gained by using microradio- 
graphy in the examination of standard bronzes and brasses as against the metallograph? 
For example, would more structural detail be revealed in a copper-tin-lead alloy, using 
the former method? 

Mr. Batt: Not as far as the details seen are concerned. Metallography will bring out 
some things which x-ray micrography will not, but the latter method has two tremendous 
advantages. The first is that a greater area can be covered; e. g., we will take a pilot 


1 Wright Aeronautical Corp., Lockland, Ohio. 
2 Norfolk Navy Yard, Portsmouth, Va. 
> Duquesne Smelting Corp., Pittsburgh, Pa. 
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casting and say that we want to investigate this whole casting. So we will cut slices 
from a dozen different locations and lay those slices on top of one plate and x-ray them. 
Fifteen min. later we have information covering the whole casting. 

The second advantage is that the absence of etching means that we can use relatively 
unskilled labor; e.g., if we are using metallography on a leaded copper alloy, skilled 
polishing is required to prevent the lead from coming out, or, if we are examining an 
aluminum-copper alloy, skilled etching is required so that we do not etch out the copper- 
rich constituent and think we have a cavity. In neither of these cases does the x-ray 
method require precautions. Another advantage of the x-ray method is that we are not 
looking at a surface of the metal but at a volume. So there are two main and one 
minor advantages. 

MemBeR: What is the distance from the x-ray target to the film? 


Mr. Batt: That is quite an important point in technique. In general scientific 
practice, one starts with the quickest and easiest setup. In this case we start off with a 
distance of 3 in. from the target to the slice of metal. The metal is so close to the plate 
that the blurring caused by the size of the focal spot is negligible. However, there are 
some cases, for instance, the copper-beryllium alloys, in which the images are so very 
narrow that it is necessary to go up to 6 in. When we are inspecting many slices, we 
may just take an ordinary commercial x-ray tube and cover an area 17 x 14 in. at 36-in. 
distance. 

J. M. Garpner‘’: There was a question raised as to whether, in magnesium castings, 
the difference between burning and microshrinkage could be determined by micro- 
radiography. I believe that the term “burning” was misunderstood. Mr. Ball apparently 
was thinking of burning in molten metal, whereas I believe Mr. Myers referred more to 
burning which shows up on the surfaces as a series of very small blisters, or which shows 
up as burning of the primary compound which occurs between the grain boundaries. 


Mr. Batt: I was thinking of a burning of the molten metal, which causes oxide at 
the grain boundaries. 


Mr. GARDNER: What about the cavities which occur there? 


Mr. Batu: I have not investigated this condition, but I am sure that any type of 
small cavity at the grain boundaries wjll have certain characteristics which the micro- 
radiograph will bring out very clearly and which will be easily recognized, once one is 
familiar with the condition. Because of the absence of etching and because the shapes 
of the cavities below the surface are revealed, the x-ray method is superior to metallog- 
raphy for studying any cavities up to X 100 magnification. 


‘Wright Aeronautical Corp., Lockland, Ohio. 











A Study of Molding Methods for Sound Castings 


By F. G. SeErinc*, New York 


Abstract 


Following several years’ experience making castings sound, the author 
has laid down the principles involved. These fundamentals follow 
scientific principles and yet they are practical. No case has yet come to 
the author’s attention where these principles have not worked success- 
fully when applied to steel or cast tron, the bronzes or light metals. I 
will be noted that there is nothing complicated in applying the best 


molding methods for sound castings. 


HE most important feature of 

any casting is that it be sound. 
Freedom from casting defects is 
really as important to the user as 
the particular composition of metal 
desired. Indeed, sound castings not 
only satisfy the customer, but they 
also insure profit for the foundry 
and assure repeat business. 

Castings free from defects are de- 
pendable in service, cost the least to 
machine and to fabricate into ma- 
chines, and can command the 
highest prices for the foundry. That 
foundry which makes the highest 
percentage of sound castings has the 
highest percentage of profit. 

To produce sound castings, the 
greatest attention should be given to 
the molding details. It is economical 
and shrewd business to spend money 
to study those molding methods 
which make good castings. 

The factors involved in molding 
satisfactory castings are the same for 
all metals. Let us consider what 
these factors are and how easily and 
sensibly they can be applied. 


Gate Design 

Clean metal poured into the mold 
cavity is of first importance. To 
this end the use of skim gates, slag 


*Research Met., International Nickel Co. 


traps or swirl gates are effective, |; 
low melting point metals, such as 
aluminum, the use of coarse steel 
wool or perforated steel sheet as a 
skimmer over the sprue is effective. 

In aluminum and magnesium 
pouring, agitation causes the trap- 
ping of some of the surface scum. 
This is prevented by using slotted 
sprues. The thin, deep slots and the 
angle of the pouring gates permit 
the metal to enter the mold with 
minimum agitation (Fig. 1). 

The cross section of gates should 
be rectangular rather than square 
or round where they are attached 
to the casting, except when they are 
part of the feeding system. The 
rather thin rectangular gate section 
promotes more rapid freezing and, 
therefore, produces soundness at the 
gate. 

The total area of the gates should 
be sufficient to have the maximum 
pouring speed without washing the 
sand. . Filling the mold with ade- 
quately hot metal, which also means 
rapid pouring, promotes soundness 
by giving time for removal of slag 
and gas inclusions. 


Position of Gates and Risers 
Controlled directional _ solidifica- 


Nore: This paper was presented at a Gray Iron Castings Session of the 48th Annual Meeting Amer'- 
ean Foundrymen’s Association, Buffalo, N. Y., April 26, 1944. 
1 Superior numbers refer to references at the end of this paper. 
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tion is not peculiar only to steel 
foundry practice, where Briggs, 
Gezelius,) and others did the early 
work, but it should be applied 
wherever molten metal is freezing. 
[he earliest application of this 
rinciple was in making sound stee] 
ingots. By comparing big-end-down, 
g-end-up and hot-top ingots, it is 
seen how sound ingots have been 


introlled in the steel mill (Fig. 2). 
Fic Ricght—Mortor Hovsino 
Macnestum CastTING. Excessive 


VentING BY THE Use oF Open 
Sanp AND Vent Risers Is Neces- 
sary FoR Light METALS 
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The principle involved in con- 
trolled directional solidification is 
based upon the facts that the coldest 
metal and the smallest sections freeze 
first, and the direction of freezing 
shall move toward the heaviest sec- 
tions and/or the hottest metal in the 
mold. 

Furthermore, there shall be no 
intermediate light sections or cold 
metal in this progressive freezing 





Fic. 2—Lerr—Sounp Sree. Ineot 
Propuction Fotitows PrincipP_e or 
ConTroiiep DirectionaL Souipirt- 
CATION Incot at Riont Was 
Kept Movtren witu “Hor Top.’ 
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which would freeze early and pre- 
vent progressive feeding. Figures 3 
to 12, inclusive, show how this prin- 
ciple is used. 


Helping Risers to Feed 

This involves several simple de- 
tails (Fig. 18). 

1—We must have the design 
such that the riser is heavier than 
the section to be fed to be sure the 
riser freezes after the casting. 
Further, the design must be such 
that the riser connection will freeze 
after the casting. 

2—The metal in the riser must 
be as hot or hotter than the metal 
in the castings (Figs. 4, 8, 10, 11, 
12). 

3—The riser should be kept 
open to allow the atmospheric pres- 
sure to assist gravity in pushing the 
metal into the casting (Fig. 8). 

4—The riser should be high 
enough to afford plenty of hydro- 
static pressure (Figs. 13, 14, 15). 

High risers provide greater hydro- 
static pressure to assist in securing 
soundness by pushing gas, slag, etc., 
up through the liquid metal and out 
of the casting. This same liquid 
pressure of the molten metal assists 
in feeding the casting. 

Proper riser design and hot metal 


in the riser are really applications 


Fic. 5—RuGuHT DESTROYER 
Turotrte Vatve Steet Castine 
APPROACHING THE ULTIMATE IN 
Poor Desicn. Note THE MANy 
Licht anp Heavy Sections. 


Mo.wpInG Metuops 


of the principle of controlled direc. 
tional solidification. 

To have risers contain the hottes 
metal in the mold, the metal should 
be poured by gating through the 
riser. When this cannot be done. 
hop-topping the riser with an auxil. 


[[] COLDEST METAL (J HOWEST META, 
































Fic. 3—Errecr or Top anp Botrom Gatino on 

TEMPERATURE DiFFERENTIAL. PosiTION or INoaTE 

ConTROLS THE PosiTION OF THE CoLD anp Hor 
METAL IN THE Moxp Cavity. 
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Fic. 4—-Pappinc ror ConTRoLizp DireEcTIONAL 

SoutmiricaTion. Use oF Pap To Provive Pro- 

GRESSIVE FREEZING FROM THE THIN TO THE 
Heaviest Section. 
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iary ladle of metal will accomplish 
the same purpose. 

Risers should have 50 per cent 
greater cross section or, simply the 
thickness of the riser should be 50 
per cent greater than the thickness 
of metal to be fed. Risers attached 
to the side, particularly in gray iron, 
promote greater soundness than top 


risers. 


Atmospheric Pressure Feeding 


Atmospheric pressure feeding is 
accomplished by covering risers with 
insulating compounds to prevent a 
skin of metal freezing over the top, 
and thus permit the atmosphere to 





Fic, 7—Richt—Same CastTINGs As 

SHown in Fic. 6. Nore THAT 

THe Castincs Were TuRNED IN 

Orverk to Gate THROUGH THE 

Heavy Boss, ELIMINATING THE 

Neeo or Risers, with ExceLteNnt 
REsuLts. 
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push the metal down the riser. 
Blind risers and shrink bobs are of 
questionable value unless kept open 
to the atmosphere with core rods, 
which should extend from the sand 
of the mold through to the center of 
the blind riser. This device was 
patented by John Williams* in 1940 
and is illustrated in Fig. 16. 


Riser Connections 


Riser connections to the casting 
should have a reduced cross section 
and be as short as possible (Fig. 
18). Riser connection dimensions of 
not more than 1/3 of the casting 
section dimensions have been found 


Fic. 6— Lert UNSOUNDNESS IN 
Bronze Castincs Causep sy Im- 
PROPER APPLICATION OF RISERS. 
Merat Bracketep sy ANGLE Is a 
Bunn Riser. Tuese Risers 
Causep Surinkace UNper THem. 
Tue Gates Enter a Tun Sec- 
TION OppostTe A Heavier Secrion 
Arrows). 














Fic. 8—Bronze Castine Gatrep THROUGH THE 
RISER Tue Cortpest Mertar at Enp FartHeEs1 
FROM Riser. FREEZING PROGRESSES TO THE Hort- 


rest Merar at THE Riser ENp. Tue Lono Run- 


Nek Was Usep To ACCOMMODATE THE FLASK 
EQUIPMENT, BUT THE LenotH May Be Snort- 
ENED Horn Enrers Riser at Borrom Tuis 


MetHop or Pourinc Propuces CLeaNer Cast- 


INGS THAN WHEN PourED ON END Type OF 
Gatinc SHOwN Is Practical AND EFFECTIVE 
very satisfactory. For example, a 


l4-in. diameter or 114%4x1'%-in. 
maximum that 
need be used for a 6-in. thick riser 


to feed a 4-in. section. 


connection is the 


The relationship of riser to the 
casting dimensions is given in Fig. 
18. Note that the riser extends be- 
low the connection by the same 
dimension as the riser thickness. The 
purpose of depth of riser below the 
connection is to have 


adequate 


MOLDING MeEtuops 


volume of metal to prevent freezing 
ahead of the riser connections. (j 
course, the height of the riser must 
be great enough to prevent the 
shrinkage in the riser from extend 
ing below the riser connection. 

Fig. 18 shows a thin wall of con 
sand between the riser and casting. 
which sand becomes incandescent 
and which permits the riser connec- 
tion to remain fluid. This core plate 
varies from 1/2 to 1¥2 in., depending 
on section thickness. 

This method of riser attachment 
promotes greater soundness unde: 
the riser and permits of its easy re- 
moval. Generally, a sledgehammer 
blow will remove the riser, since the 
connection is 
notch. 


essentially a deep 


Use of Chills or Denseners 

Chills or denseners are used where 
risers cannot be conveniently placed, 
or to control the freezing rate. Their 
purpose is to do the same job as 
feeders by freezing the metal about 
as rapidly as it is poured and, there- 
fore, risers for feeding are unneces- 
sary. 

Indeed, when chills are used great 
care must be exercised that the feed- 
ers are so placed that they are not 





Fic. 9—Sreet Castine Section SHow1neo Surinkace Cavrry. 


(Courtesy, American Steel Foundne 
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Same Castinc As SHOWN IN Fic. 9. Sounpness Insurep sy Use or Apequate Riser 


close to chills and do not counter- 
act the chill effect. Chills cause the 
shrinks to move somewhere else, 
unless they are placed with due re- 
gard to controlled directional solidi- 
fication. 

There are certain points regard- 
ing chills that must be kept in 
mind: 

(A) Chills must be clean. Slightly 
oxidized or rusty chills cause blows 
to develop in the casting next to the 


- 
| 
| 
| 
| chill. Before each use, therefore, 
a | 
| a : prevent slight rusting in the mold. 
A (B) They must not burn the 
| BLIND casting. Chills are protected from 
/ HEAD | “burning-in” by using chill coatings, 








they should be sand blasted and 
preferably wiped with kerosene to 
of which the writer has found sev- 
eral mixtures to be effective. A 
commonly used coating is silica flour 
— and linseed oil mixed to a thin-paint 
consistency. This coating requires 
heating to dry the surface. 


hs fee ; Pouring over a chill or excessive 
, i STeP-GATING AND PouRING THROU GH agitation of the metal against the 


Risers. THese Gates Permit THe First Mera . “ ° a. 0 
» Rema ar sue Borsen, sun Mest at tun chill tends to cause “burning-in. 











VENTER, AND Finat Into tHe Castinc’s Top. The aim should be to have the mold 
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DIRECT RISER POURING 





INDIRECT RISER POURING 


Fic. 12—Examp.es or Gatinc To Provipe THE Horrest METAL IN THE Best PosiTION For FEEDING 


poured before the chills have had 
any time to warm up. 

(C) Chills must be large enough 
to penetrate their densifying effect 
across the section to be chilled, but 
not so large and sprawling that they 
prematurely freeze the metal in the 
lighter or adjacent sections. Precau- 
tions must be taken to prevent chill- 
ing the metal beyond the section to 
be densened, or else the metal can- 
not feed the densified portion of the 
casting. 


aS 


PRUE 
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Fic. 13—Torat Reversat Metruop or GATING AND 
FEEDING 


(D) Chills should be on the side 
or bottom of the mold cavity for 
most effective chilling. 

(E) They are most effective when 
the metal moves up to them and 
is not agitated further. Where pos- 
sible chills should be furthest re- 
moved from the gates so that when 
the metal pours against the chill, 
freezing commences. 

(F) Rapid pouring permits the 
chill to do its most effective work. 
Rapid pouring permits filling the 
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14—ParTiaL Reversal MetHop or GaTING 
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mold with minimum warming up of 
the chill. If the chill has had time 
to warm up considerably before 
pouring is complete, or before the 
metal in contact with the chill is 
quiet, the effectiveness of the chill 
is reduced. 
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Venting Mold Cavities rold back pressure and to help fil 
the mold. 

All dead-end spots of a mold 
cavity should be vented so that the 
metal runs without restraint to ever 


The importance of venting mold 
cavities is realized by observing the 
torch effect often blowing out of 


a riser or vent during pouring. portion of the mold. Also, we must 
“Whistlers” is a term applied to remember that if gas pressure is de- 
vents. When pouring light metals, veloped in a mold there is an in- 
like aluminum and magnesium, spe- creased tendency to force gases into 
cial venting is necessary to prevent the metal and cause defects. 
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NIQUE Courtesy, Le Courtenay Co.) 

























Ff. G. SEFING 


Vents are best designed to be rec- 
tanguiar at the casting to prevent 
openness and pinholes at the junc- 
tion with the casting. 

A thorough undertsanding and 
application of only a few principles 
; necessary to make sound castings. 


|) Pouring gates should be de- 
ioned so that clean metal enters the 
mold quietly and rapidly. Rec- 
angular gate cross sections are pre- 
ferred to square or round sections. 


2) Controlled directional solidi- 
fication assists the freezing of the 
asting to begin at the coldest metal 
nd/or to the thinnest section, and 


move progressively toward the 
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hottest metal and/or the heaviest 
sections. 

(3) Design and pour risers so 
they will assuredly feed castings by 
contorming to the principles of 
controlled directional solidification. 
Allow plenty of pressure to act on 
the molten metal in a feeder. 

(4) Knock-off risers are con- 
venient to remove and they feed 
adequately. 

(5) Chills or denseners are used 
where risers are impracticable, or 
where we wish to assist the freezing 
rate. 

(6) Adequate venting of the mold 
cavity permits filling the mold easily 
by preventing back pressure. Gas 
absorption by the metal in the mold 
is also reduced by good venting. 
riety of castings is made, complete 
records of the successful molding 

In a job shop, where a wide va- 
practice of each casting should be 
kept. The best record is a photo- 
graph of the casting as poured in- 
dicating all gates, feeders and chills, 
and marking all dimensions. At any 
future date, the casting can be made 
without trouble by referring to the 
record. 

The future of any foundry, in 
fact, of the foundry industry, hinges 
largely upon its ability to make 
sound castings consistently. 
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The Melting of Non-Ferrous Metal in the Cupola 


By LeicuTton M. Lonc,* ToLtepo, OxIO 


Abstract 


The iron-melting cupola has been used to melt copper for the making 
of brass or bronze. Its use, however, has been for the most part a matter 
of expediency, because in an iron foundry no other suitable furnace is 
usually available. The customary procedure generally followed has been 
described in another paper on the basis of notes furnished by W. H. 
Rother, of the Buffalo Foundry and Machine Co., but it was limited to 
the melting of copper and the addition of the alloying elements was 
made to the molten metal in the ladle. No reference was made to the 
melting of a pre-alloyed composition. 

In this paper the author describes the design and operation of 
cupolas for melting pre-alloyed copper-base alloys. He also gives the 
advantages of cupola melting for non-ferrous metals. 


In recent years some of the larger bronze foundries, in order to 
satisfy the need for an uninterrupted supply of metal to maintain highly 
mechanized molding production, have developed a specially constructed cupola. 
Mauland’ in 1931 described the advantages of this furnace and present day 
design and operation have enhanced them. 

2. The successful operation of this cupola, in the manner herein described, 
has been due to the fuel used, namely a coke made from coal-tar pitch. Coke 
from this base is 99 per cent carbon. Because of its low sulphur and ash 
content and its extremely high shatter-strength, it is a fuel free from con- 
taminating elements and slag-producing oxides, and provides an ideal, openly 
spaced melting zone requiring very low blast pressures. Ordinary foundry 
coke can be used, but does not allow enough flexibility after the first three 
hours operation, due to the slag accumulation, as will be explained under 
Slag Control. 


DESIGN 


? 


3. The furnace in use today (Fig. 1) is a modified type of cupola having a 
42-in. shell lined down to 26 in. The openings at each of the four tuyeres are 
approximately 6 sq. in. in area with their centers 16 in. above the base and 
72 in. below the charging door. The shell and stack (20 ft. above charging 
door) are lined with fire brick. An inner brick or monolithic lining of silicon 
carbide extends from the base to a point 28 in. above the tuyeres. Charges 
are introduced either from a charging platform or by a skip hoist. A maxi- 


*Consulting Engineer. 
*Mauland, T., ““Cupola Melting of Brass,’’ Transactions, American Foundrymen’s Association, vol. 
39, pp. 602-605 (1931). 

Nore: This paper was presented at a Brass and Bronze Session of the 48th Annual Meeting, Ameri- 
can Foundrymen’s Association, Buffalo, N. Y., April 26, 1944. 
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Fic. 1—Curota Usep ror Mettinc Non-Ferrous Metal 


‘ mum air flow of 700 cfm. at four ounces pressure is supplied by any suitable 
blower but a constant volume or positive displacement blower equipped with 


air-weight control is to be preferred. 


Refractory Installation 

4. The secondary fire brick lining, if properly installed, should last indeh- 
nitely. Insulation against heat losses below the tuyeres is important and 
expansion through the melting zone must be considered. The best grade ol 
insulating fire brick, set up on end, is placed around the base up to the tuyeres 
Fire brick “splits” are then set up on end around the heating zone approxi- 
mately 30 in. above the tuyeres. Circle brick or cupola block may then be used 
up to the stack and the latter should be lined with ordinary fire brick laid flat. 

5. The inner lining can be made of silicon carbide circle brick and tuyere 


blocks which are now stock items, but for the greatest efficiency a monolithic 
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Lek 


lining of the best grade of silicon carbide cement is rammed in, using a two 
piece removable form. Silicon carbide has been proved to be superior to all 
other lining materials for melting the phosphor bronzes regardless of furnace 
type, except where crucibles are used. Actual experiments with other refra- 
tories in this cupola have shown that the lining life of the silicon carbide 
exceeds all others by many times, and this property more than outweighs 
the high initial cost. The tuyere openings, tap hole and rear knock-out 
opening are Cut out after the entire inner lining has been rammed in place. 
A wood fire maintained for 24 hours will completely dry out and “set” the 
lining and make it ready for service. 


OPERATION 


Preheating 

6. The one-piece hinged bottom door is braced in place and used molding 
sand is introduced through the rear opening and hand-rammed over the 
entire bottom. Kindling wood (no nails) is then laid in and the opening 
is closed with two cupola blocks set in used molding sand. Two hours before 
charging time the wood is fired and the bed is built up with pitch coke, 
using natural draft only. It is important that the linings below the tuyeres 
and the bottom be well heated, otherwise the initial charge passing through 
the furnace will be cold. The fire, therefore, should not be built up with 
coke too rapidly. Thirty minutes before charging time the air is turned on 
and the bed charge is built up to 36 in. above tuyeres. The tap hole is left 
open until after the initial charge is made. The bed should be incandescent 
through to the top before first charge is introduced. 


Charging 

7. In continuous operation, charges of 400 to 450 Ib. have proved satisfac- 
tory. Coke in the ratio of 1:20 should be placed on top of each charge. As 
many charges as desired may be lapped upon each other. If a skip hoist is used, 
extra coke must be added occasionally, dumping slowly to place it at the 
rear of the bed. The bed height should be held at all times between 28 
and 36 in. above the tuyeres. Metal temperatures are controlled by the 
height of the bed in relation to the rate of charging and the air flow. The 
initial charge will require maximum bed height as it receives no preheating; 
succeeding charges when lapped upon each other will be preheated by the 
combustion of gases above the bed. These charges will, therefore, require 
a lower bed; otherwise the metal will be superheated. For highest efficiency 
including the control of temperature to prevent volatilization losses, the 
charges should be placed at regular intervals as predetermined by the demand. 
The cupola is filled to the charging door only when maximum capacity is 
needed. The melting rate should not fall below 2500 Ib. per hour. Melting 
below this rate in this furnace requires additional coke and retarding or 
completely shutting off the air supply periodically. In such cases the bed 
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must be refueled and brought to high temperature before more meta] js 
charged, and unless it is carefully controlled this operation will sometimes 
cause overheating of the furnace lining. Overheating not only decreases the 
lining life but has been known to introduce silicon into the metal. 

8. The initial charge of 400 lb. will be completely melted in 12 to 14 min. 
utes. By charging the metal and coke in layers, as in iron practice, a maximum 
capacty of 6000 Ib. per hour can be readily obtained. The total metal in 
the stack at times can reach 2200 lb. equal to five or more charges. The 
usual average production over an eight hour period is 4500 Ib. per hour. 


Air Supply 

9. The air flow is adjusted according to the metal demand. With automatic 
air weight control the supply can be set for a definite melting rate, and the 
coke bed height and the rate of charging can be established for each com- 
position to give a definite amount of metal at a definite temperature. 


Charges 

10. The nature of the charges has a decided effect upon the melting rate 
A charge consisting entirely of borings can be melted, but the rate is decreased 
since they blanket the bed, the temperature of the melting zone is lowered, 
and the slag that may be present in front of the tuyere openings congeals. 
An all-ingot mix melts slowly because of its mass. The temperature of the 
furnace, however, is not affected and as no slag forming subsances are intro- 
duced, efficient operation is realized. The best results are obtained by keeping 
the charges uniform and holding the borings below 30 per cent. The sand 
should be blasted or rattled off all gates and risers and scrap, and it is advis- 
able not to add any unclean metal or slag-forming fluxes. The entire charge 
must be pre-alloyed metal. Copper, tin, lead or zinc as such must not enter 
the furnace as part of the charge. 


Slag Control 

11. With uninterrupted operation it is possible to melt at peak capacity for 
sixteen hours. Generally, however, shut downs and metal changes are nec- 
essary and when these occur, the temperature of any slag that has been formed 
is reduced, causing it to congeal around the coke at the tuyere openings. In 
melting bronze in a cupola, the temperature of the molten metal is consid- 
erably below that of grey iron. The temperature of the slag and of the furnace 
bottom is maintained by the heat of the molten metal. As the softening 
point of the slags formed are in the neighborhood of 1965 °F., they congeal 
very readily with a slight drop in metal temperature. Under these conditions, 
the maintenance of an adequate air supply through the coke bed after eight 
hours operation is difficult. Keeping the area in front of the tuyeres open 
by poking the coke and slag away will sometimes be helpful, but when the 
condition in the furnace has reached this stage, melting speed is too low to 
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meet demands. It is not necessary to have a slag notch when using the 
special high carbon fuel. The air pressure is not high enough to direct any 
sag toward the notch and the temperature of the slag is seldom high enough 
to keep it fluid. There are fluxing materials that can be used to thin the 
sag at these temperatures but best results are obtained by allowing no slag 
forming material to enter the furnace and by keeping the furnace temperature 
high enough at all times so that the greater part of any slag that is formed 
can follow the metal through the tap hole. Efforts to use a slag notch and 
flux the slag off have not proved to be satisfactory where flexibility is desired. 


Volatilization 
12. Depending upon the alloy composition, the volatilization losses of the 
constituent metals will be: 


MEN 6256 8s cs 50 oeetasanersatarent none 
Ce epee ke Che Rieke aphews oa ees negligible 
Lead ..... 2 3 ere 15 per cent 
10 to 15 per cemt..........;5.. 20 per cent 
15 to 50 per cent............. 25 per cent 
ME caccas fe 2 eee 50 per cent 
> WO er COE... 6 bans ones 60 per cent 


For example, an alloy containing 83 per cent copper, 7 per cent lead and 
3 per cent zinc will lose 1.05 per cent lead and 1.50 per cent zinc. 


Coke Ratio 

13. The operating coke to metal ratio should average 1:20. The average 
over-all ratio depends on the weight of coke used to pre-heat (about 700 lb.), 
metal changes, intermittent operations and shut-downs. 


Changing Alloys 

14. Since approximately 30 minutes are required to drain the furnace com- 
pletely after the last charge is introduced, changing from one alloy to another 
requires approximately the same time. The initial charge of the change- 
over can precede the 30 minute draining interval by 12 minutes. As a 
practical precaution, the first 200 lb. of metal should be pigged. When 
changing from one alloy to another the usual analytical control technique 
is used, that is, a low leaded content alloy cannot follow a higher leaded 
alloy and hold the analysis of the initial charges. Charges of similiar com- 
position can be rotated and the desired results obtained by following the 
foregoing procedure. The laboratory can establish “loss” and “pick-up” indices 
on the various changeovers to control the necessary additions and eliminate 


any pigging. 


Melting High Lead Alloys 


15. This cupola can be used satisfactorily for melting high lead alloys (over 
\) per cent). The utmost precaution is necessary, however, to maintain 











1142 CupoLa MELTING OF NON-FERROUS Meta; 


uniformity of the furnace operation, otherwise the lead content in the mel; 
will fluctuate above or below the accepted tolerances. The calculated |Jeaq 
content of the charge should be held to the lowest point possible compatible 


with maximum allowable additions of lead to the ladle. 


Dropping Bottom 

16. When the furnace has drained completely, the air supply is shut off and 
the hinged bottom is dropped. It is seldom that the remaining bed will 
fall of itself. The blocks are removed from the rear opening, the bed js 
poked and broken loose, and all slag and coke adhering to the side walls 


are removed. 


Lining Repair 

17. The lining can be chipped out and patched after eight hours. The 
same grade of silicon carbide cement is used for patching as for the lining. A 
monolithic lining lends itself to patching better than a brick lining. It is 
possible to resurface the entire lining. The life of brick linings averaged 
125 tons melted metal while with monolithic linings the production was 


increased to 300 tons. 


ADVANTAGES OF CuPOoLA MELTING 


18. The melting of copper alloys in the cupola is rapid and economical. It 
is extremely advantageous where an uninterrupted supply of metal is re- 
quired. Furnaces require little floor area and because of their noiseless 
operation and low heat radiation, they can be placed in close proximity 
to molding operations. The tap hole should be canopied with a high velocity 


exhaust. The melting loss is low and the product is clean and high in quality 
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DISCUSSION 


Presiding: W. Romanorr, H. Kramer & Co., Chicago, II]. 

Co-Chairman: G. K. DreHer, Ampco Metal, Inc., Milwaukee, Wisc. 

4. K. Hicectns’ (written discussion): Mr. Long is to be congratulated on his concise 
presentation of a subject of current interest. His logical reasons for the choice of mate- 

als and practice used are especially admirable. Cupola melting of non-ferrous alloys 
probably has had much less prominence than it deserves because of a general lack of 
unde rstanding of the factors involved. 

[ had hoped that Mr. Long would care to deal at more length with some of the limi- 
tations and hazards of this type of melting, and with the “batch” type of melting that 
s so effective for single large heats. 

Among the hazards, I would include the atmospheric disposal of approximately 170 lb. 
of lead that would be lost in a day’s run on a 15 per cent lead alloy. Except in wind- 
swept and sparsely populated districts, an extremely tall stack might be required on the 

ipola. This would also hold true for the zinc loss, for which the hazard would be 
less, but the complaints probably greater. 

Mr. Long has concerned himself with the true bronzes which can be satisfactorily 
handled. It might not be amiss to point out that many of the so-called bronzes, con- 
taining large amounts of zinc or aluminum, are not amenable to cupola melting. Loss 
of zinc, as indicated in Mr. Long’s data, is enormous, and it is not practical to make 
ladle additions to compensate when the addition amounts to more than a few per cent. 
\luminum, when contained in cupola-melted alloys, is rapidly oxidized and, because 
the oxide is not volatile, is retained as an extremely viscous slag that causes bridging 
and may even block off the cupola to such an extent that it is not possible for metal to 
be tapped. We have not had experience with silicon bronzes, but we suspect the same 
difficulty would arise in that case. 

Where brass foundries are operated in conjunction with iron foundries, it has often 
been found expedient to use the cupola for making single large castings beyond the 
melting capacity of the normal equipment. We have made castings in phosphor bronze 
weighing up to 25,000 Ib. by this method with excellent results. Where only occasional 
heats are made, and conditions may vary, it is not practical to accumulate enough data 
on melting loss to permit the use of alloy ingot. Good metal can be made by melting 
the copper in the cupola, using normal grades of cupola coke and normal iron foundry 
bed and blast conditions. One 36-in. cupola in use is operated with a 1500-lb. bed 
and 150 lb. of coke to each 1000-lb. charge of copper, with a 500-lb. cover on the last 
charge. All of the tin, lead and zinc should be added to the ladle in this case. Sulphur 
pick-up, which has been a source of concern to many foundries, has been in the order 
of 0.03 per cent. Physical properties have been excellent. Navy “G” bars from 
cupola heats have averaged about 50,000 psi. ultimate strength, and 65 per cent elonga- 
tion, while heats of Navy “M” had properties averaging 40,100 psi. ultimate strength 
and 41 per cent elongation. 

I hope that Mr. Long will find it possible to publish additional data in the near future. 

R. H. Cowen*®: We have operated a Schwartz furnace and I believe that the opera- 
tion, as far as zinc losses are concerned, is rather similar to that reported by Mr. Long. 
We have found, over a period of time, that the zinc loss is quite a factor, in which time 
and temperature control are very vital. In continuous operation, with critical time 
and temperature control factors, how would you care for the zinc loss in order to main- 
tain a constant amount of zinc in your metal through the day? 


* Allis-Chalmers Mfg. Co., Milwaukee, Wisc. 
*Columbian Bronze Corp., Freeport, N. Y. 
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Mr. Lone: We were not concerned greatly with zinc loss because the highest zip; 
content we were melting was 4 per cent. The zinc loss due to non-uniform opera- 
tion will not fluctuate with that amount. 


Mr. Cowen: What is the average operating temperature of the cupola throughout 
the day? 

Mr. Lone: In the melting zone? Of course, we are never able to measure it but 
I would think it to be in the neighborhood of 3500 to 4000° F. 

Mr. Cowen: Your zinc loss would be terrific. 

Mr. Lonc: Yes 

Haroip J. Roast’: Mr. Higgins reported a method in which the copper is melted 


in the cupola and all additions.are made in the ladle. That seems to me to be an ideal 
way of obtaining uniformity of product if it can be used at all times. Mr. Long, is it 
practical to obtain a uniform product by using gates or ingots in the charge and, if so 
is there some special way in which you go about it? 

Also, what is your opinion of the cupola for silicon bronze? My experience has been 
with reverbratory furnaces of 30,000-lb. capacity, but I suspect that silicon bronze 
would go very readily or satisfactorily into a cupola. 

Mr. Lonc: We have no difficulty with uniformity. We varied the percentage of 
the mixture in the charge. We could use all gates or all borings or all ingot. We have 
had very accurate laboratory control and, as far as uniformity is concerned, that was 
not a problem. Certainly, melting copper and adding the low melting point ingredients 
to the ladle is ideal. Of course, you must get that copper out of the tap hole at 2500 
to 2600° F. in order to take care of additions of 20 to 25 per cent. You can heat the 
tin and lead additions and it will help some. But, by the time you get metal tapped into 
the ladle under those conditions, you have to bring it from the tap hole above 2400° F 
You can not use the stock back again. You can not charge prealloyed material and 
copper because there is a difference of 200° F. in melting temperature and the copper 
will lay back. 

As far as melting silicon bronze is concerned, we have never melted any, but I am 
fairly certain it would be satisfactory 

F. P. ULezetsxkr: Have any attempts been made to inject any of the alloys, such as 
zinc or lead, into the basin of the cupola after the copper is melted down and before 
tapping? 

Mr. Lonc: In other words, put them in below the tuyeres, have them alloyed at 
that point. 

Mr. Utezerski: That is right. By tapping out into the ladle you are sure to get 
a good alloy, better than by ladle addition, I believe. 

Mr. Lonc: The flow of metal from the tap hole will give a greater mixing effect 
than in the basin of the furnace. 

Mr. ULEZELSKI: We would have the combined action, the flow from the cupola and 
down into the ladle. 

Mr. Lonc: How would you get it completely mixed? There is metal continually 
coming down. 

Mr. ULEZELSKI: By stopping the blast to drain the cupola. 

Mr. Lonc: It would be hard to hold an analysis that way. 

Mr. UxvezetsKki: You would be able to judge that by the time element. 





3 Canadian Bronze Co., Montreal, P. Q., Canada 
*Ampco Metal, Inc., Milwaukee, Wisc 








—_ 








DiscUSSION 1145 


Mr. Lone: I have no doubt it could be worked out all right but I see no advantage. 

MEMBER: How do you maintain temperature control and what would be the mini- 
mum practical cupola operation for the small foundry as against a crucible furnace? 

Mr. Lonc: ‘Temperature control is maintained by the height of the bed and, of 
course, constant charging, constant air. When the melting rate falls below 2500 Ib. 
per hr., the operation is inefficient and it becomes a problem to keep up a continuous 
supply of metal. You may require 2500 Ib. of metal one hr., and then you may want 
to jump to 4000 or 6000 Ib. the next hour. When you get down to 2500 Ib. the fur- 
nace cools down and then you can not bring it back fast. During the depression days 
we used furnaces that probably did not produce better than a ton an hr. average, but it 
was not good melting. 

MEMBER: Judging by the losses shown in the paper, it would appear to me as 
though the cupola would not be profitable for brass melting. And then, with the 
shortage of zinc and lead, would we be permitted to melt in the cupola? 

Mr. Lonc: When lead and zinc losses, zinc being of the order of 5 per cent, are 
weighed against the extremely low melting cost and the high-speed production obtained, 
cupola melting is an economical operation. 

B. A. Mitver®: Mr. Long, you spoke of temperatures of around 3500° F. in the 
melting zone. To my mind, that is questionable. 

With reference to the melting of silicon bronze in the cupola, those of us who have 
operated cupolas readily appreciate that there is a 10 per cent silicon loss in the manu- 
facture of gray iron in the cupola. In melting silicon bronze, would you expect part 
of the silicon to oxidize? I am thinking about the 20 to 1 ratio of which you speak. 

Mr. Lonc: Yes, I would expect to lose silicon in much the same way we lose lead. 
I would venture to say that the silicon loss probably would be 50 per cent of the content. 

Mr. MILLER: Mr. Roast, would you put that back? 

Mr. Roast: In the first place, I said I had not melted silicon bronze in a cupola, 
so | have never had to put it back. In operating a 30,000-Ib. reverbratory furnace, 
we should have an opportunity for oxidation and we do not have to provide twice as 
much silicon as we expect to get in the final product. 

Mr. Miter: It would be my thought that with a 20 to 1 coke ratio you would be 
very close to the oxidizing side of the cupola because the average cast iron practice is 
10 to 1 coke ratio and sometimes drops as low as 6 to 1. Therefore, it seems to me 
that melting silicon bronze in a cupola would be conducive to very high silicon loss. 

Mr. Lone: I am quite sure that the silicon losses are going to be high because back 
in the earlier days, when we had the smaller diameter furnace, we used to get it 
extremely hot at times and lay it over, and we got metal with all appearances of having 
aluminum in it, a silvery sheen, which we later found to be silicon. It came from the 
slicon-carbide lining. 

We also have found in past years, like everyone else, that we would buy a carload of 
scrap, melt it, and find aluminum in the metal. We found, by passing that ingot back 
through the same furnace, that we would get rid of the aluminum and silicon. I am 
rather sure that you would lose quite a lot of silicon. 

Mr. Mitter: Possibly with that setup you could do the same thing that the cast iron 
people do, make inoculations at the spout. 

Mr. Lone: Yes, in that respect the furnace lends itself to a further research on 
ather filtering the metal at the spout or treating it with oxidizing slags or reducing 
lags, or under-pouring, and etc. 


Baldwin Locomotive Works, Cramp Brass & Iron Foundries Div., Philadelphia, Pa, 





Considerations in Casting and Coining Malleable Iron 


By H. W. STREETER*, DEcATUR, ILL. 


Abstract 


The author discusses the process of coining to produce malleable 
tron castings having a dimensional accuracy equal to that of machined 
surfaces. By coining, the author refers to the application of pressure 
to opposite surfaces of a casting to control the dimension between the 
pressed surfaces. The author states that the data is insufficient to 
warrant drawing many conclusions, but by presenting the data, he hopes 
to stimulate further research and reporting on the coining process. 


INTRODUCTION 


1. At the outset, it should be stated that the title of this paper has been 
kicked around a bit by those of us responsible for it. We had hoped to present 
some accurate statements on the science of coining malleable iron, particularly 
with respect to tolerances obtainable, and to point with pride to the machin- 
ing operations which can be eliminated by coining, if it is properly con- 
trolled. As our investigation proceeded, however, we encountered many side- 
tracks which have been titled “Considerations.” These are presented with the 
hope that others will pursue them to conclusions, something not to be found 
in this discussion. 

2. Coining, as we know it, is the act of applying pressure to opposite sur- 
faces of a malleable iron casting for the purpose of controlling a dimension- 
usually the thickness of the metal—between the pressed surfaces. Many 
properties of malleable iron are affected by this operation. As we change the 
dimensions of a casting by pressure, we likewise affect its tensile strength, 
compressive strength, elongation, hardness, density, resistance to wear, and all 
other properties associated with these. The operation is essentially cold- 
flowing by compression. 

3. It was desired to learn something of the degree of dimensional and 
physical changes caused by the application of pressure and some experiments 
were conducted for this purpose. 

4. A number of malleable castings were made, consisting of two sets of 
flat rings. All were 2'/2-in. in diameter with a 1-in. central core. One set was 


* Wagner Malleable Iron Co. : / —_ 
Nore: This paper was presented as a Malleable Iron Founding Session of the 48th Annual Meeting 
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approximately //2-in. thick and one set was approximately 1-in. thick. This 
paper will not attempt to report in detail on the variable results found in cast- 
ing and coining all these combinations. However, certain definite trends of the 
behavior of malleable iron upon casting and under pressure were observed 
and these are reported. 


VARIATIONS IN CONTRACTION 


5. Inasmuch as dimensional change was a prime consideration in this 
investigation, contraction from pattern size was accurately determined. 

6. Patterns for rings described were machined from aluminum and 
mounted and gated on a machined aluminum plate. Castings were made by a 
regular squeezer molder under conditions of facing, sand, molding method, 
and pouring identical to those prevailing in daily production. The metal poured 
was cupola-air-furnace duplex iron of the composition carbon—2.41 ; silicon— 
|.18. Castings were annealed and cleaned by wheelabrator and, in some 
cases, minor roughness was removed by filing. The results on a ¥4-in. group 
were as follows: 


Pe GN wk st hatiews .'occeaeeeiel .905 in. 

Average thickness of casting................ 517 in. (18 readings) 
Average thickness range................... 910-.524 (0.14) in. 
Maximum variation/piece ................ .009 in. 

Minimum variation/piece.................. .004 in. 


7. At this point, it was observed that castings failed to contract as expected. 
The use of an eighth inch shrink rule in preparing malleable patterns con- 
templates an initial contraction of %-in. per ft., followed by an expansion in 
anneal of ¥g-in. per ft. Corresponding allowance was made in pattern thick- 
ness at .505-in. Malleable castings should theoretically check .500-in. Actual 
results showed .517-in. A re-test was made on group two at 1-in. thickness 
and these results were confirmed. 

8. While it is not stated that the castings failed to contract, it is observed 
that due to swell or some other phenomenon not explained, the final iron 
thickness was greater than the pattern thickness. Thickness is a vertical mold 
dimension not affected by draft or vibration in drawing. 


CoINING FOR ACCURACY 


9. We took our samples to the press, and point out that in 18 specimens 
we had an average thickness of .517-in. with an over all variation of .510-in. 
to .524-in. or .014-in. We compressed the average 1/32-in. For this purpose 
die stops were made at .485-in. thickness. These stops were used to separate 
under pressure two hardened and ground steel plates which we called “flat- 
ters.” Plates were checked for alignment in the press and their planes were 
parallel within .003-in. dial indicator reading. Pressure was gradually built 
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up to 300 tons and released automatically without dwell or holding interval 
at maximum pressure. The results were as follows: 


gk Se ery bane ... .485 in. 
Average thickness after pressing. . . .. +493 in. (18 readings 
Range of thickness ...................... .488-.495 (.007) in. 
Maximum Variation/piece ............... .005 in. 
Minimum Variation/piece ............... .002 in. 


10. Observations. Still mindful that we are speaking in averages, note 
that the metal showed a “spring-back” of .008-in. over minimum deformation 
of thickness, and took a “permanent set” at .024-in. under the original thick- 
ness. In this operation the metal is elastic with an index of .008 and it is also 
plastic with an index of .024. Upon release of stress in this test, the castings 
regained 25 per cent and retained 75 per cent of the total deformation. The 
elasticity of malleable iron accounts for the ever-present difficulty in properly 
straightening the product. 

11. Note the range of variation was effectively reduced—.014 to .007-in 
It should be stated in addition that 16 out of 18 castings showed variation of 
.004-in. or less. (All micrometer readings were made on each piece in 3 places, 
left and right of gate and opposite gate.) 

12. The same castings were then repressed at 400 tons with the following 


results : 
fF Pere TT PT eerie ree 452 in. 
Average thickness .............. ere. .462 in. (18 readings 
EET PTT Ee Tee Te .459-.464 (.005) in. 
Maximum Variation/piece ................ .005 in. 
Minimum Variation/piece ................ .002 in. 


Ten castings showed variation of .003-in. or less, and eight castings showed 
004-in. and .005-in. 

13. Twelve of these coined castings were stacked on a surface plate and 
a dial indicator reading over the surface of the top castings showed a varia- 
tion of .004-in. Castings were then rotated in the stack and the total variation 
in height of the stack did not vary more than .004-in. on any reading. 

14. Our practice in coining for thickness control is to allow approximately 
1/32-in. metal over desired size. If, for example, it is desired commercially 
to coin a casting to .500-in. plus or minus .008-in., this procedure would be 
followed: The pattern would be made .520 to .530-in., using a standard rule. 
Castings would be expected to check .530 to .540-in. Stops would be made 
to low limit of .492-in. and coined castings should check .500-in. plus or minus 
.008-in. Important factors to be dealt with are absence of contraction upon 
casting, and expansion or spring-back after pressing. Design of casting 
influences these allowances. Any similarity of this sample to existing castings 


is purely coincidental. 








H. W. STREETER 1149 


EFFECT OF PRESSURE 


15. It was desirable to learn what effect coining has on the physical 
properties of malleable iron. For this purpose the standard A.S.T.M. test bar 
was duplicated, except that the 3¢-in. round section was changed to a .555-in. 
square section, the respective areas being equal. Three sets of bars were cast. 
They were pressed in varying degrees on specially constructed dies on the 2-in. 
fat dimension. Results recorded were as follows: 


Tensile Brinell Specific 
Series One (2.41 Carbon) Strength Elongation Hardness Gravity 
A—-As cast 53500 13% 137 
B—Reduced .025-in. 59750 4% 163 
C—Reduced .063-in. 60500 2% 179 
Series Two (2.56 Carbon) 
A—As cast 51400 11% 139 7.15 
B—Reduced .040-in. 58600 3% 163 7.30 
C—Reduced .060-in. 60500 3% 170 7.30 
Series Three (2.45 Carbon) » 
Round Bar 56600 19% 143 
A—As cast 52200 10% 143 7.27 
B—Reduced .015-in. 54800 5% 149 7.32 
C—Reduced .040-in. 59200 4% 163 7.40 
D—Reduced .076-in. 53600 0% 179 7.40 


16. Observations. Upon comparison of elongations determined by the 
standard round bar, the values recorded from the square bar were lower for 
the same metal. In this connection the nature of this test should be kept in 
mind. Upon pressing, the 2-in. dimension was elongated by compression and 
the value reported under elongation is the percentage of additional elongation 
under tension. 


17. Malleable iron work hardens under pressure. After pressure it appears 
to react as if heat-treated. Tensile strength increases, hardness increases, elon- 
gation drops. If resistance to wear varies with hardness, then it can be assumed 
that this quality of the metal has been improved by pressing or coining. 

18. With increase in pressure, these properties continue to vary, each in 
proportion. Due to limitations of the simple test made, maxima of each prop- 
erty could not be determined. It should be stated that one bar not recorded 
here and reduced .200-in. in thickness showed a Brinell hardness number of 
207. 

19. An interesting supplementary test was made. A standard test bar was 
hammered on the 2-in. test length on an anvil, and pulled and compared with 
acompanion bar not so treated. The tensile strength was increased from 
°2,000 to 58,000 psi. and elongation dropped from 14 per cent to 4 per cent. 


20. Let us remember, also, that while some malleable castings are affected 
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in 100 per cent of their metal by coining, others are only coined over a small 
portion of their total metal. Therefore, the changes in properties which accom. 
pany this operation may or may not be important in the use of the casting 

21. One definite fact remains. That is, coining is a simple and fast method 
of finishing two opposite sides of a casting with accuracy equal to milling o 
cutting and, we believe, superior to disk-grinding. Coining suggests a quality 
of malleable iron which, if exploited, will give this product a new competitive 


advantage over other ferrous products. 








The Effect of Copper on the Properties of Cast 
Carbon-Molybdenum Steels 


By N. A. ZIEGLER* AND W. L. MEINHaART*, Cuicaco, ILL. 


Abstract 


Numerous investigations of the effects of copper on the properties of 
various steels have been reported, most of the work being done with 
wrought steels. The authors present the results of studies of the effects 
of copper on the physical properties of carbon-molybdenum cast steels. 
Data obtained from the studies are shown in graphic and tabular form. 
An extensive bibliography attests the scope of the investigation. 


INTRODUCTION 


|. The effects of copper on the properties of various steels have been 
studied by many investigators and reported in numerous books and technical 
articles (see bibliography). Perhaps the most thorough summary of this 
subject was made by Gregg and Daniloff' and by Cornelius*. One of the 
claims of the beneficial effect of copper is the improvement in the resistance 
of the resultant steels to certain types of corrosive environments***. The other 
claim is the strengthening effect which copper exerts upon steel’®-°*. 
2. It is also known that copper-bearing steels can be age-hardened by 
low temperature drawing after quenching or normalizing®’*°. The latter 
phenomenon is due to certain peculiarities in the iron-copper constitutional 
diagram. These two metals form a eutectoid at 810 to 850° C. (1490 to 
|560° F.). At that temperature, alpha iron can hold over | per cent copper 
in solid solution. (According to Buchholtz and Koster*’, this solid solubility of 
copper in iron is over 3 per cent). At room temperature, the solid solubility 
decreases to less than 0.5 per cent. Therefore, hardness of a copper-bearing 
steel, which is composed of a super-saturated solution of copper in alpha-iron, 
can be increased by aging at some temperature under 800° C. (1470° F.). 
[his phenomenon is due to precipitation of the copper-rich phase. 

). The bibliography at the end of this paper is a testimony of considerable 
Lay Research Metallurgist and Ass’t. Research Metallurgist, respectively, Research and Development 

* Superior numbers refer to bibliography at the end of this paper. 


Nore: This paper was presented at a Steel Casting Session of the 48th Annual Meeting, American 
foundrymen’s Association, Buffalo, N. Y., April 28, 1944. 
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work done and information accumulated on copper-bearing steels. Any 
additional general remarks on the nature of these alloys thus appear to be 
unnecessary. 

4. Most of the work done so far has been with wrought steels, and rela. 
tively little information is available on cast and heat treated steels. 

5. One of the common steels used for making castings for high tempera- 
ture superheated steam service is carbon-molybdenum steel of the nominal 
composition, shown in Table 1. The specifications for its physical properties 
are as shown in Table 2. In order to meet these physical properties with the 
usual heat treatment, the carbon content of this steel has to be adjusted to 
about 0.25 per cent. The molybdenum content of about 0.5 per cent imparts 
creep resistance at elevated temperatures. The maximum operating tempera- 
ture of 950° F. (510° C.) with corresponding pressures is recommended. 


W eldability 


6. Even though this steel is designated as “weldab!e” and is used in various 
welded installations, its welding quality is not as good as that of plain carbon 
steels of the same carbon content, because of the presence of molybdenum, 
which increases thermal sluggishness of the metal, thus making it more 
hardenable. 

7. In general, the weldability of a steel is improved in proportion to the 
decrease of (1) its carbon content, and (2) its alloying elements. In this 
particular case, the percentage of molybdenum is fixed by the requirement of 
high temperature creep resistance. By decreasing the carbon content, weld- 
ability of the steel is improved, but its tensile strength and yield point values 
are lowered below those specified. The problem thus’ was, to reduce the 
carbon, thus improving the weldability, and to introduce some alloying ele- 
ment which will develop the desired physical properties. The alloying 
element should be selected so that its detrimental effect on weldability would 
be at a minimum. 

8. On the strength of previously existing knowledge and some of our 
own preliminary experiments, it could be expected that copper in amounts of 
0.5 to 1.5 per cent would be a promising ingredient in this case. 

9. Therefore, it was decided to thoroughly investigate the entire field of 
low carbon-molybdenum copper-bearing steels. This paper presents a sum- 
mary of the results of the research. 


EXPERIMENTAL PROCEDURE 


10. A series of copper-bearing, carbon-molybdenum steels was prepared 
in a 200-lb. basic-lined high-frequency induction furnace, using low carbon 
steel scrap as raw material and conventional melting and deoxidizing tech- 
nique. Each heat was killed by an addition of about 2.5 lb. of aluminum 
per ton, tapped into a 250-Ib. capacity ladle, and cast into keel coupon blocks, 
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Table 1 
CaRBON-MOLYBDENUM STEEL COMPOSITION 
Element ° Per Cent 
Rae urine nba edacok cere and d oo aaa 0.20-0.45 
Ee eT re ee 0.50-0.70 
a 6b de Nas ated 6 Fs +6 040 0 Ox KATE 0.06 (max.) 
PE Vibexce vdentdedcs seeerecdws Seeneme 0.05 (max.) 
SS Sucks ad ok kas th ow eGES bee cock oakewue 0.15-0.30 
PE. ccc hae eeae enn veesaciendetioloads 0.40-0.60 
Table 2 
CARBON-MOLYBDENUM STEEL—PHySICAL PROPERTIES 
Properties 
ee er ee 70,000 (min.) 
Ce er re ee ee ee re 45,000 (min.) 
SS ee 22 (min.) 
Reduction of Area, per cent. .......0e.0. 35 (min.) 
Charpy Impact Resistance, ft. Ib. (70° F.).. 25 (min.) 
Brinell Hardness Number...........000:: 165 (max.) 


using green sand molds. Later on, some of the heats were duplicated, and 
cast into coupon blocks and 2-in. special flanged “tees” (Fig. 1). Each 
coupon block was sectioned into convenient blanks and heat treated by 
normalizing from 1750 to 1800° F. (950 to 980° C.) 

11. The blanks from each coupon were divided into three groups, one 
of which was drawn for 2 hr. at 1000° F. (540°C.), another at 1150° F. 
620° C.), and the last at 1300° F. (700° C.). Blanks thus treated were sub- 
jected to tensile*, Brinell hardness, and Charpy impact testing**. The latter 
test was performed at (1) room temperature and (2) —25° F. (—31°C.). 
Most of the compositions were also subjected to thermal analysis, using a dila- 
tometer. Welding tests were made on all experimental castings (tees) after 
they had been heat treated by normalizing from 1750 to 1800° F. (958 to 
980° C.) and drawing at 1150° F. (620° C.). Test data thus accumulated 
with the exception of welding tests) are presented in Table 3, together with 
the chemical analysis of each heat. 

12. It may be noted that all compositions may be divided into two main 
groups, those containing 0.1 per cent carbon, and those containing 0.2 per 
cent carbon. Each group, in turn, may be subdivided into three sub-groups, 
!) molybdenum-free steels (introduced here for general comparison), (2) 
those containing 0.5 per cent molybdenum, and (3) those containing 1.0 
per cent molybdenum. The two latter sub-groups are composed of steels 
containing (1) zero per cent copper, (2) 0.5 per cent copper, (3) 1.0 per 
cent copper, and (4) 1.5 per cent copper. Compositions containing 0.5 
per cent molybdenum with 0.5 and 1.0 per cent copper appeared to be of 


*Standard 0.505-in. diam., 2-in. gauge test bar. 
**Standard Charpy test bar with a keyhole notch. 
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particular interest, so several additional check heats of each were cast. 
heat treated and tested. Figures representing physical data were averaged 
from at least two or more tests*. | 

13. The contents of silicon, sulphur and phosphorus (Table 3) are rea- 
sonably uniform in all steels. The manganese content varies within rather 
wide limits. This resulted from attempts to study the effect of manganese 
in parallel with that of copper. This element in the amounts used was found 
to be relatively ineffective, as compared to copper, and therefore has only a 
slight influence on the physical properties reported. In two instances (nos, 8 
and 16) the content of chromium happened to be rather high, probably be- 
cause of contamination from the furnace lining. 


THERMAL ANALYSIS AND MICROEXAMINATION 


14. Most of the compositions presented in Table 3 were subjected to 
thermal analysis by means of a differential dilatometer. This instrument is 
so arranged that a thermal expansion-contraction curve is automatically 
recorded on a photographic film. In each case, a specimen (50 millimeters 
long and 4 millimeters in diameter) was heated to about 1000° C. (1830° F. 
in 2 hours, and then cooled to room temperature at an average rate of 50° C. 
(90° F.) per minute. 

15. Figures 2 and 3 are reproductions of representative curves for steels 
containing 0.1 and 0.2 per cent carbon, respectively. In each case, the upper 
curve includes the heating and cooling branches. In view of the fact that 
the heating branches for ali these steels are practically identical, they have 
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been omitted in the rest of the curves (Figs. 2 and 3) and only the cooling 
branches reproduced. All resultant dilatometer specimens were tested for 
Vickers* hardness and microexamined. 
16. In steels containing 0.1 per cent carbon and no molybdenum (nos. | 
and 2, Fig. 2), the transformation on cooling starts at about 780° C. 
(140° F.) and comes to completion at about 560° C. (1040° F.). The 0.5 
per cent copper present in steel no. 2 did not produce any appreciable effect. 
In steel no. 4, containing the same carbon, 0.5 per cent molybdenum and 
0.5 per cent copper, the transformation is slightly suppressed. Moreover, a 
mall part of the transformation is not completed until the temperature 


a 
"Vickers hardness for these steels is directly comparable to Brinell. 
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of about 380° C. (720° F.) is reached. With progressively increasing con- 
tents of copper (nos. 9 and 11), the beginning of the transformation occurs 
at correspondingly slightly lower temperatures, and the suppressed portion 
of it (at about 380° C, or 720° F.) becomes a little more pronounced. The 
latter phenomenon is associated with an increase in hardness produced by 
the same cooling rate, from about VPN.* 112 to 210 (Fig. 2). 


17. The increase in hardness is also indicated by the appearance of the 
sorbitic (Widmanstatten) pattern in the resultant structure. Figure 4 presents 





*Vickers Penetration Number. 
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structures of four steels of the group now being discussed. Figure 4-A, repre. 
senting steel no. 2, which does not develop any suppressed transformation with 
the given cooling rate, is composed of ferrite and sharply defined pearlite, 

18. In the structure of steel no. 4 (Fig. 4-B), which, with the same cooling 
rate, develops a slight suppressed transformation (Fig. 2), we observe, in 
addition to the above two constituents, a certain amount of “diluted pearlite” 
with Widmanstatten’ pattern. With the increase in the degree of suppressed 
transformation (Figs. 4-C and D, corresponding to curves nos. 9 and 11, 
Fig. 2), the amount of the Widmanstatten pattern increases. 

19. In steels containing 0.1 per cent carbon, 1.0 per cent molybdenum, 
and progressively increasing amounts of copper (nos. 13, 14 and 15, Fig. 2), 
the suppressed transformation develops even more rapidly than in the pre- 
ceding group. The corresponding hardness of the dilatometer specimens 
increases from VPN. 138 to 272. The cooling curve of steel no. 13 (0.1 per 
cent carbon, 1.0 per cent molybdenum and 0.5 per cent copper, Fig. 2) has 
a slight suppressed transformation, and the structure of the resultant dila- 
tometer specimen is similar to that of Fig. 4-B. 

20. Structure of no. 14 (0.1 per cent carbon, 1.0 per cent molybdenum 
and 1.0 per cent copper) is represented in Fig. 5. Because of a rather pro- 
nounced suppressed transformation (Fig. 2), normal pearlite is completely 
absent and instead of it we have the “diluted pearlite” with Widmanstatten 
pattern, in the matrix of ferrite. In steel no. 15 (0.1 per cent carbon, 1.0 
per cent molybdenum and 1.5 per cent copper, Fig. 2), the entire transforma- 
tion is suppressed, the hardness is rather high (VPN. 272) and the resultant 





Fic. 5—Microstructure oF Steet Containinc 0.1 Per Cent Carson, 1.0 Per Cent MOLyspenuM, 
1.0 Per Cent Copper. Seriat no. 14 (Fic. 2). Ercnep in Nirat. Macnirication x150. 
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Fic. 7—Microstructure or Steer Containinc 0.2 Per Centr Carson, 1.0 Per Cent Motyspenum, 1.0 
Per Cent Copper. Seria no. 30 (Fic. 3). Ercnep in Nitat, Maonirication x150. 


structure is similar to Figs. 6-C or 7, i.e., is composed of an intimate mixture 
of carbides and ferrite. (Structure of Fig. 7 resembles one frequently referred 
to as “lower bainite”). 

21. Figure 3 presents a similar sequence of dilatometer curves for steels 
containing 0.2 per cent carbon. In steel no. 16 (0.2 per cent carbon, zero per 
cent molybdenum, zero per cent copper), transformations on cooling, because 
of higher carbori, occur at temperatures lower than in no. 1 (0.1 per cent 
carbon, zero per cent molybdenum, zero per cent copper, Fig. 2). Addition of 
0.5 per cent copper (no. 17, Fig. 3) practically does not change the thermal 
characteristics. Hardnesses of these two steels (VPN. 150 and 143), as well 
as the structural characteristics (Fig. 6-A), are also almost identical. 

22. With the addition of 0.5 per cent molybdenum and progressive increase 
in copper (nos. 21, 24 and 27, Fig. 3), the thermal sluggishness develops 
rapidly. In no. 27 (0.2 per cent carbon, 0.5 per cent molybdenum, 1.5 per 
cent copper), the transformation is completely suppressed and the resultant 
hardness increases to VPN. 249. The structural characteristics are represented 
by Figs. 6-B and C (for nos. 24 and 27, respectively). In the former (no. 24, 
0.2 per cent carbon, 0.5 per cent molybdenum, 1.0 per cent copper), the 
transformation is split (Fig. 3) and some free ferrite can be observed (Fig. 
6-B), while in the latter (no. 27, 0.2 per cent carbon, 0.5 per cent molybde- 
num, 1.5 per cent copper), the transformation is completely suppressed (Fig. 3) 
and the resultant structure is composed of an intimate mixture of carbides 
and ferrite (Fig. 6-C). 

23. In steels nos. 29, 30 and 31, containing 0.2 per cent carbon, 1.0 per 
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cent molybdenum, and progressively increasing amounts of copper (Fig. 3), 
transformations are completely suppressed, in all three cases the resultant 
hardnesses vary from VPN. 263 to 281, structures are all identical and are 
represented by Fig. 7. 

24. The conclusion that can be derived from these studies is that progres- 
sively larger amounts of copper (up to 1.5 per cent Cu) increase the thermal 
suggishness of carbon-molybdenum steels containing 0.1 and 0.2 per cent 
carbon, increase their air hardenability and promote formation of “diluted 
pearlite” in the resultant structures. 

25. It should be noted that increasing amounts of carbon and molybdenum 
have a more pronounced effect in suppressing transformations than copper, 
and that manganese also acts in the same general direction, but its effect in 
amounts under one per cent is quite small. However, within each of four groups 
of steels just discussed (nos. 4, 9 and 11, nos. 13, 14 and 15, nos. 21, 24 and 
27, and nos. 29, 30 and 31, Figs. 1 and 2) the progressive increase in thermal 
sluggishness can be attributed to copper only, except for the slight effect of 
manganese. 

26. For comparison’s sake, Fig. 8 presents a similar dilatometer curve 
for a conventional carbon-molybdenum steel, containing 0.28 per cent car- 
bon (complete analysis is given in Fig. 8). It may be noted that with the 
same cooling rate, its transformation is completely suppressed to temperatures 
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below 600° C. (1112° F.), that its resultant hardness is VPN. 255 and struc- 
ture similar to Fig. 7. 

27. It may be mentioned in passing that the relationship between the 
shape of thermal curves, resultant hardness and structures, is by no means 
restricted to this particular group, and has been observed in a wide variety 
of steels”®. . 

PHYSICAL PROPERTIES 


28. Figures 9 and 10 are graphic representations of data given in Table 3, 
on the effect of copper on physical properties of carbon-molybdenum steels 
containing 0.1 per cent carbon, and 0.5 and 1.0 per cent molybdenum, respec- 
tively. Figures 11 and 12 are similar graphs for steels containing 0.2 per cent 
carbon. In each figure, physical properties of the same steels have been plotted 
after all of them were normalized from 1750 to 1800° F. (950 to 980° C.) 
and then in separate groups drawn at (1) 1000° F. (540° C.), (2) 1150° F. 
(620° C.) and (3) 1300° F. (700° C.). In all cases, there was a certain scat- 
tering of the points, due to the inevitable experimental error, so that the curves 
represent average values, somewhat on the conservative side. This is particu- 
larly true about Figs. 9 and 11, where a larger number of test data were 
plotted. 

29. In each figure, the specification requirements for the cast carbon- 
molybdenum steel are drawn as dotted lines. The conclusions that may be 
reached from studying these graphs are that copper very considerably increases 
the tensile strength, yield point, breaking strength and yield ratio. Propor- 
tional limit is also increased in all cases except those of Figs. 10-C and 12-C, 
where it has a slight tendency to decrease. This, probably, is due to some 
experimental error. 

30. The increase in strength in some instances is almost twofold (Figs. 9-A 
and 10-C), and is considerably more pronounced in steels containing 0.1 per 
cent carbon (Figs. 9 and 10) than in those containing 0.2 per cent carbon 
(Fig. 11 and 12). Hardness also increases, but this increase is relatively 
small. Elongation and reduction of area tend to be lowered, but this tendency 
is not very great, and decreases to values below the specification minimums 
only occur in a few cases. 

31. The Charpy impact resistance at room temperature, and particularly 
that at —25° F. (—31° C.), has a rather strong tendency to decrease, but 
even so, there are many cases where impact resistance values, satisfactory from 
the specification standpoint and at the same time associated with superior 
strength, can be found. 

32. The drawing temperature (within the specified limits) has a rela- 
tively small effect on the resultant physical properties. The most beneficial 
one, in the sense of high strength associated with high ductility, appears to 
be about 1150° F. (620° C.). No pronounced precipitation hardening effect 
was disclosed by these experiments, in all probability because this phenomenon 
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manifests itself at lower temperatures. Lower drawing temperatures, on the 
other hand, would be prohibitive because of insufficiently high resultant 
ductility. 

33. Increased molybdenum also contributes somewhat to strengthening 
of the steels (compare Figs. 9 vs. 10 and 11 vs. 12). This effect, however, 
js small as compared to that of copper. Moreover, indications are that higher 
molybdenum may have a detrimental effect in unduly reducing the ductility. 
Increased manganese also increases the strength, but its effect has not yet 
been studied well enough to draw any definite conclusions. 

34. In general, this study presents a rather wide selection of steels with 
properties which can satisfy various requirements. For example, a steel con- 
taining 0.5 per cent molybdenum, 1.0 per cent copper and only 0.1 per cent 
carbon, drawn at 1150° F. (620° C.) (Fig. 9-B), will pass all the specifica- 
tion requirements of a standard carbon-molybdenum steel, which normally 
(without copper) must have over 0.2 per cent carbon. 

35. The same is true about a similar steel, similarly treated, containing 
1.0 per cent molybdenum (Fig. 10-B). Passing over to steels containing 0.2 
per cent carbon, several compositions can be found which would satisfy 
requirements belonging to higher specifications brackets, like those of chro- 
mium-molybdenum steels (Fig. 12-B) *. 

36. It thus appears that the most promising steels, in the light of the 
present investigation, are those containing 0.1 and 0.2 per cent carbon, 0.5 
and 1.0 per cent copper and about 0.5 per cent molybdenum. These com- 
positions thus have been reproduced several times (Table 3) and tested. 
Testing shows that the resultant properties readily can be duplicated. 

37. Preliminary creep experiments on steels nos. 9 and 30 (0.1 per cent C, 
0.5 per cent Mo, 1.0 per cent Cu and 0.2 per cent C, 1.9 per cent Mo and 1.0 
per cept Cu, respectively) performed at 850° F. (450° C.) indicate that their 
creep resistance falls on the low side within the limits usually obtained with 
carbon-molybdenum steels. Moreover, no. 30 is showing better results than 
no. 9. Tentative conclusions that may be drawn are that copper has a 
tendency to reduce the creep resistance, but that this effect may be corrected 
by raising molybdenum. Further creep research is still in progress. 


WELDING EXPERIMENTS 


38. All experimental castings, tees, were heat treated by normalizing at 
1750 to 1800° F. (950 to 980° C.) and drawing at 1150° F. (680° C.). Then 
they were cut longitudinally, deep etched and examined for hot tears. They 
were found to be quite sound and surprisingly free of various defects frequently 
observed in steel castings. After that, a welding test piece was cut out from 
each half of the casting, as shown in Fig. 1. 

39. The original contact surfaces of the two halves from each casting 





*No claims are being made regarding the corrosion resistance similar to that of the chromium- 


molybdenum steels, 
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were machined off, forming a “V” groove, and then were arc welded to. 
gether to form the original shape, using standard carbon-molybdenum elec. 
trodes of the following nominal composition: Silicon, 0.12 per cent, man. 
ganese, 0.35 per cent, carbon, 0.10 per cent, and molybdenum 0.50 per cent, 
No subsequent stress-relieving treatment has been applied. 

40. From the middle part of each resultant “trough,” a cross-sectional 
U-shaped test piece of about '/2-in. thickness was cut out and roughly polished. 
A hardness survey was made over every one of these test pieces, using a 
Vickers Hardness tester and taking readings at about %-in. intervals across 
the weld and the affected zone. 

41. For the sake of comparison, a similar experiment was performed on a 
casting made from a conventional carbon-molybdenum steel, represented by 
the thermal curve and the analysis in Fig. 8. Figure 13 is a photograph of 
the latter test piece (slightly etched) indicating hardness impressions and 
readings. 


Hardness Distribution 


42. Figure 14 is a graphic representation of hardness distribution across 
the welds and the affected zones, in steels containing 0.1 per cent carbon: 
(A—steels containing 0.5 per cent molybdenum and 0.5 per cent copper, and 
B—steels containing 0.5 per cent molybdenum and 1.0 per cent copper). 
Figures 15-A and 15-B are similar graphs for steels continuing 0.2 per cent 
carbon. In each case, hardness distribution in the conventional carbon-molyb- 
denum steel is included for comparison’s sake. 

43. It is interesting to note that in most cases the weld itself is relatively 
soft, and that the hardest portions are in the affected zone, right adjacent 
to the weld (Figs. 14-B, 15-A and 15-B). This is not true about low carbon, 
low copper steels (Fig. 14-A), where no excessive hardness in the affected 
zone could be observed. At any rate, the conventional carbon-molybdenum 
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steel containing higher carbon displayed the greatest hardness, as compared 
to any composition of this series. Increasing copper appeared to contribute 
somewhat to the hardening effect (compare Fig. 14-A vs. 14-B, and Fig. 
15-A vs. 15-B). However, this hardness increase is relatively small. 

44. On the other hand, steels nos. 9 and 10 (Fig. 14-B), if properly heat 
treated, develop physical properties required from the conventional carbon- 
molybdenum steel (see Table 3 and Fig. 9-B). One could readily appreciate 
that from the welding standpoint they are more desirable than the latter. 

45. Passing over to Fig. 15, representing hardness distribution in steels 
containing 0.2 per cent carbon, it may be noted that they develop maximum 
hardness in the affected zone, adjacent to the weld (serial no. 18, Fig. 15-A, 
containing only 0.13 per cent carbon, is an exception and acts more like 
steels in Fig. 14-A). Nevertheless, none of them become as hard as the 
conventional carbon-molybdenum steel with 0.28 per cent carbon. At the 
same time, some of them develop properties specified for chromium-molyb- 
denum steels (Table 1, Fig. 11-C), which have very strong thermal slug- 
gishness and air hardenability. 


SUMMARY 


46. Investigation of steels containing 0.1 to 0.2 per cent carbon, 0.5 to 1.0 
per cent molybdenum and 0.5 to 1.5 per cent copper, presents a rather 
interesting selection of materials with wide variation in physical and thermal 
properties. Increase in copper from zero to 1.5 per cent in steels in which 
all other chemical ingredients are constant, may cause an increase in strength 
as much as almost twofold. At the same time, increase in hardness, decrease 
in ductibility and decrease in impact resistance are not large enough to be 
objectionable. 

47. Addition of one per cent copper to a steel, containing 0.1 per cent 
max.) carbon and 0.5 per cent molybdenum, develops in the resultant product 
after a suitable heat treatment) properties required from a cast carbon- 
molybdenum steel, containing about 0.25 per cent carbon. 2 

48. Dilatometric analysis and microexamintaion demonstrate that such a 
steel is considerably less thermally sluggish and air hardenable than regular 
carbon-molybdenum steel in which a higher carbon content is specified in 
order to develop the desired physical properties. 

49. Welding experiments and hardness distribution studies over the weld 
and affected zone show that the maximum hardness thus developed in such 
and similar compositions is considerably lower than in the conventional car- 
bon-molybdenum steel. 

50. In a steel containing about one per cent copper and 0.5 per cent molyb- 
denum, an increase in carbon to 0.2 per cent (max.) produces physical prop- 
erties comparable to those of chromium-molybdenum steels, which are notor- 
ious for their thermal sluggishness and air hardenability. Dilatometric 
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analysis, microexamination and welding experiments, on the other hand, 
have demonstrated that such a steel is less thermally sluggish and air hard. 
enable than even the conventional cast carbon-molybdenum steel. 
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DISCUSSION 


Presiding: C. W. Briccs, Steel Founders’ Society of America, Cleveland, Ohio. 


CHAIRMAN Briccs: Apparently the authors have an idea of using steel of this com- 
position in valves, and I would assume that these valves had high temperature applica- 
tion. Nothing was said about the creep properties of the analyses they investigated. 
What are the possibilities of Cu-Mo cast steels from the standpoint of creep as com- 
pared to a carbon-molybdenum cast stee!? 


G. A. Timmons’ (written discussion): As our knowledge of the effects of alloying 
elements in steel is increased it becomes more evident that the ideal steels for welding 
applications are those which have a “flat” or nearly horizontal hardenability curve in 
the end-quench hardenability test. Under these circumstances the carbon content is 
limited by the maximum hardness (or minimum ductility) which may be tolerated in 
the welded joint. In order to maintain the same mechanical properties as required by 
service conditions and obtained by steels with higher carbon contents, it is necessary to 
build up the alloy content of the steel with suitable alloying elements. Alloying elements 
which form solid solutions in alpha iron may strengthen the low-carbon steels in two 
ways: (1) by ferrite strengthening, (2) by their effects upon the rates of transforma- 
tion from austenite to the ferrite-carbide aggregates. The effect accomplished by ferrite 
strengthening is independent of the heat treatment, whereas the effects upon austenite 
stability will be dependent upon the heat treatment employed. 

Copper as an alloying element for cast steel may improve the mechanical properties 
of the steel in three ways. In addition to the two effects previously dealt with, steel 
containing sufficient copper contents may be precipitation hardened. Copper is thus a 
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versatile alloying element. It has received considerable attention from research metallyr. 
gists, but has not been as widely used by the cast steel industry as one might expect. 


The authors have made a valuable contribution to our knowledge of the use of copper 
in steel castings designed for elevated temperature service. Their complete survey of 
low-carbon-copper-molybdenum steels provides the necessary data for evaluating th 
potentialities of copper as an alloying element which will permit a decrease in carbon 
content, hence an increase in weldability without sacrificing the mechanical propertie 
obtainable in the conventional material; indeed, they have shown that an improvement 
in these properties may be accomplished along with an increase in weldability. 

Since the end-quench hardenability test does not provide a period of cooling compara. 
ble to regular normalizing treatments, the authors have submitted a second test consisting 
of a controlled cooling rate with dilatometric determinations of these transformation; 
from alpha to gamma lattices and the resulting hardnesses and microstructures 
This comparatively simple test yields considerable information for the evaluation of the 
steel being studied. 


Attention is drawn to the increased hardness and decreased ductility resulting from 
tempering the higher molybdenum, higher copper steel at 1300° F. as compared with 
1150° F. (Table 3). Molybdenum contents of 0.50 per cent and 1.00 per cent have 
been shown* to exhibit a retardation in softening (on hardness vs. tempering temper. 
ture curve) at about 1100 to 1150° F. The precipitation hardening of copperbearing 
steels is usually accomplished at about 900° F. after quenching or normalizing. Is it 
possible that the combination of the two alloys has increased the temperature at which 
one or both effects are produced, or is it possible that the copper addition lowered the 
Ac: temperature to such an extent that tempering at 1300° F. resulted in the formation 
of some austenite, which on cooling to room temperature transformed to martinsite or 
Widmanstatten structure? 


Table 3 


COMPARISON OF PHYSICAL PROPERTIES OF VARIOUS Cu-Mo STEELS 
DRAWN AT VARIOUS TEMPERATURES 


Charpy Impact Charpy Impact 
Resistance, Room Resistance 
Components, Brinell Hardness, Temp., ft.-lb. —25° F., ft.-lb. 
Heat per cent Drawing Temp.,°F. Drawing Temb.,°F. Drawing Temp., ‘F. 


No. © Mo Cu 1000 1150 1300 1000 1150 1300 1000 1150 1300 
14 O.1. 10 1.0 220 178 164 200 290 195 73 1865 8.3 
I5- 01 10-195 268 220 274 80 185 160 3.3 5.3 6.5 
a. @2 05 15 267 210 246 12.0 23.0 85 50 148 5.5 
29 0.2 10 05 228 194 21 6 1465 25 78 10.3 19.5 3.8 
30 0.2 1.0 1.0 260 210 268 11.8 26.0 85 4.0 20.0 5.5 
3: OR 82 15 =a 240 258 115 253 100 48 16.0 3.5 


Messrs. ZEIGLER AND MEINHART (authors’ closure): The authors appreciate the 
comments by Messrs. Timmons and Briggs. 

With reference to Mr. Timmons’ remarks, we believe that the dilatometric and metal 
lographic methods employed yield more information for the evaluation of these par 
ticular steels than does an end-quench hardenability test. 


The increased hardness and decreased ductility found in some of the copper stech 
subjected to the 1300° F. drawing treatment has been investigated. Figure 16 show 





*Bain, E. C., “Functions of the Alloying Elements in Steel,’’ A.S.M., 1939. 
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two dilatometer curves of steel (Serial 27) which contains 0.2 per cent carbon, 0.5 per 
cent molybdenum and 1.5 per cent copper. The purpose of this test was to determine 
the effect of drawing just below or at the lower edge of the critical temperature range 
on heating. A direct comparison is given between a sample uniformly heated to about 
970° C. (1778° F.), followed by air cooling, and one uniformly heated to 720 to 733° 
C. (1328 to 1350° F.), held one hour and air cooled. The latter treatment resulted in 
a small amount of transformation on heating and a more sharply suppressed transfor- 
mation on cooling than was obtained with the sample heated well above the critical 
temperature. Therefore, an additional increase in hardness from 249 to 289 VPN. was 
produced. Moreover, the test indicated that a slight lag occurs in the beginning of 
transformation on continuous heating at the uniform rate employed (upper curve, 
Fig. 16). 

In heat treating the test bars, some nonuniformity in furnace temperature quite likely 
occurred, because of the fairly large mass of bars used and the central location of the 
thermocouple. Hence the temperature of some of the samples drawn at 1300° F. (704° 
C.) probably approached the lower edge of the critical range, resulting in the formation 
of some austenite and consequent suppressed transformation on cooling. This would 
account for the increased hardness and decreased ductility in these samples, as noted by 
Mr. Timmons. Microscopic examination indicated that a small amount of the pearlite 
structure had transformed in a few of the bars. Other samples purposely drawn at 1325 
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to 1350° F. (720 to 730° C.) definitely show the beginning of transformation in the 
microstructure. 


Slight precipitation hardening evidently occurred during the 1000° F. (540° ©. 
draw, particularly in the steels continnig 1.00 per cent or more copper, as shown by the 
hardness values obtained before and after this treatment. Increasing the draw tempera. 
tures to 1150° F. (620° C.) reduced the hardness in all cases below that of the air 
cooled samples and produced the most desirable combination of physical properties 
obtained. 

Referring to Mr. Briggs’ remarks on the creep properties of these alloys at elevate 
temperatures, it may be stated that more data and a little better idea of their behavior 
have been gained since this paper was presented. A convntional cast carbon-molybdenum 
steel, which has been normalized and drawn, has a creep rate of 1.0 to 1.5 per cent in 
10* hours at 950° F. (510° C.) and a load of 20,000 psi. Under the same conditions 
copper-molybdenum steel (Serial 9) containing 0.08 per cent carbon, 0.50 per cent 
molybdenum and 1.0 per cent copper has a creep rate of 1.5 per cent in 10* hours. 
Another steel (Serial 30) containing 0.20 per cent carbon, 1.0 per cent molybdenun, 
and 1.0 per cent copper showed slightly better creep resistance than Serial 9 steel for 
the first few weeks of testing when both were maintained at 850° F. (455° C.). How. 
ever, the creep rate increased to an average of 3.9 per cent in 10* hours at 950° F. 
(510° C.) with the same load (20,000 psi.) after several months. These observations 
require further confirmation, but at present it may be tentatively concluded that the 
creep rate of cast copper-molybdenum steels is comparable to carbon-molybdenum steels 
provided that the carbon content does not exceed 0.10 per cent. However, even the 
highr carbon copper-molybdenum steel has a creep resistance superior to that of straight 
carbon steel. 
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Some Causes of Test Bar Failures 


in Navy ''G" and "M" Metals 


By Wo. B. Georce*, Cuicaco 


Abstract 


The cost of not paying attention to the casting of test bars is often 
expensive to the foundryman. Many things can happen, even with the 
best of supervision. One of the most unfortunate is that when a test bar 
fails, the foundryman is unable to diagnose the trouble and preveni it 
from happening again. It is well known that no two bars will pull 
exactly alike, even if cast from the same heat, but they should be close 
enough to properly represent that heat. Almost all specifications give a 
liberal leeway to cover variations in test bars and allow a second bar 
to be pulled should the first one fail. If the first test bar fails and the 
second bar passes, the foundryman does not investigate any further. 
Here is where he makes his greatest mistake; failing to take advantage 
of the two specimens and examine them in detail. There is a reason 
why one of these bars failed, and the chances are better than 90 per 
cent that it can be searched out and can be prevented from happening 
again. This paper is prepared for those who are interested in these 
failures and represents actual cases that have been investigated. 


1. Test bars do not always fail from a single cause, but often from a 
combination of causes, and this must be kept in mind by the foundryman 
trying to search out his trouble. 


2. In many foundries, test bars have been cast without trouble for years, 
but, without warning, a series of failures will occur and disappear without 
the foundryman ever finding out what happened. 


3. If we could visit all of our foundries, we would find many different 
patterns and methods for casting bars. It would be impossible to describe 
even a small portion of them, for each has been developed to meet an indi- 
vidual situation. 


4. The failures are principally the same in all cases, and the major ones 
are listed here for discussion. 


*R. Lavin & Sons, Inc. 


Nore: This paper was presented at a Brass and Bronze Session of the 48th Annual Meeting, Ameri- 
can Foundrymen’s Zeecintion, Buffalo, N. Y., April 26, 1944. 
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Causes oF Test Bar FAILURES 
Water Vapor 


5. Water vapor from loose sand grains is about the greatest offender 
against the making of good test bars (Fig. 1). The water of crystallization 
of the sand grains themselves is dehydrated when caught in the path of flowing 
metal. These sand grains generally are torn loose from the top of the sprue 
when the metal strikes the mold. 

6. To overcome this condition, the sprue and runner should be well floured 
and all excess flour blown off. This gives the skin of the mold the necessary 
toughness to stop the cutting. 

7. Upon close examination of the rough test bar, the cinder residue of 
these sand grains can be found in the skin of the casting. Sometimes a smal! 
hole will appear in the test bar, with the cinder residue in the bottom of it 
in the form of dust. 


Overheating Metal in a Reducing Atmosphere 


8. When metal is overheated in a furnace which has a reducing atmos- 
phere, hydrogen is absorbed and is released within the casting in inverse pro- 
portion to the solidification rate. This is one of the prominent causes of 
failures. The gas shows up as small, round holes, and can be seen under a 
10-power magnifying glass (Fig. 2). The fractured specimen shows a golden 
color around whatever grain boundaries that might be present. 

9. In badly gassed bars, resemblance of grain boundaries disappear. 

10. The furnace atmosphere should contain at least 0.3 per cent oxygen 
to overcome this condition. 


Swab or Water Spray 


11. Metal will not lay to wet surfaces, and sprays or swabbing of the 
pattern cavity, runner and sprue must be eliminated. Countless test bar 
have been lost in this way, especially where the molder has a loose pattern 

12. A test bar mold that has been torn by the pattern should not be 
































Fic. 1—Errect or Water Vapor From Loose Sanp Grains ON APPEARANCE OF Test Bar. Own Fracture 
THE Gratin Resempies SuGar CrysTALs. 
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Fic. 2—Fine to Vistste Gas Hotes Founp tn Test Bar as A Resutt or OverHeaATING THE METAL IN‘ 
REDUCING ATMOSPHE2E. 
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patched. The torn sand should be blown off and the spot ground from the 
casting. 

13. Water becomes steam when it comes in contact with molten metal 
and is temporarily absorbed, separating out at the grain boundaries (Fig. 3). 
The permeability of the sand must be sufficient to carry steam away from the 
casting cavity as fast as it is generated. 


Overheating Metal in an Oxidizing Atmosphere 


14. The results of overheating the metal in an oxidizing atmosphere are 
oxide inclusions precipitated out at the grain boundaries. The grain boundaries 
are weakened by these inclusions and rupture is very pronounced (Fig. 4). 
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Fic. 3—Errecr or Swaps orn Water Spray ON APPEARANCE OF Test Bar. ON Fracrure, THE GRAIN 
Resemstes Sucar CrystTALs. 
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Fic. 4—Fine to Open Cracks APPEARING IN Test BAR WHEN SusjEcrep To Tensuz Test. THESE 
Cracks Are A Resuct or Oxive IncLtusions Dug to Metat Bernc OverHEATED IN AN OxipIzING ATMOS- 
PHERE. 

15. In cases where the metal is badly oxidized, dross inclusions will appear. 
Where metal must be heated to a high texhperature, the oxygen content of the 
furnace atmosphere should not exceed | per cent. 

16. Phosphorus additions 5 minutes before pouring are very beneficial in 
cases of oxidized metal. 


Incorrect Pouring Temperatures 


17. There can be no set rule for pouring temperatures for this is governed 
by the cooling rate within the mold. On green sand molds, for “G” and “M” 
metals, 2150 to 2100° F. is the practice. 

18. To find the proper pouring temperature for a given type of test bar 
and foundry practice (Fig. 5), heat a batch of metal to 2200° F. and cast it 
at 50° intervals downward to a minimum temperature of 2050° F. Repeat 
this procedure four times and then ‘pull the bars, correlating the temperatures 
against the physical properties obtained. 

19. After establishing the temperature at which the best results are ob- 
tained, keep the practice within 25° F. plus or minus from this point. 
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Fic. 5—Errect or Pourtnc Temperature ON Grain Size. Hicn Povurinc Temperature RESULTS 1N 
Lance Crystats. Low Pourinc Temperature ResuLts IN APPEARANCE OF Dross AND Cotp SHUTS. 
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Additions of Phosphorus at the Wrong Time 


20. In making additions of phosphorus to a bath of molten metal, at leas 
2 min. (preferably 5 min:) should elapse before test bars are cast. Should the 
phosphorus be added just at the pouring time, the reaction will not be com. 
pleted and probably P.O; or other phosphorus-oxygen gases will be liberated 
within the casting (Fig. 6). 
21. Phosphorus has a three-sided effect on a bath of metal. 
(a) It will reduce oxides when present. 
(6) It will liberate hydrogen gas when present. 
(c) It will absorb oxygen from the atmosphere when there is an 
excess over that required to reduce the oxides within the bath. 


Shot and Clay Ball Explosions 


22. Clay balls and shot that lodge next to the pattern cavity will explode 
when they contact the hot metal. To overcome this trouble, the molding sand 
for test bar faces, gate and runner should be passed through a no. 12 riddle. 

23. Flouring the mold helps to dry these balls and always should be 
practised. 

24. Good test bars cannot be expected if the molding sand is loaded with 
shot and clay balls. The resulting explosions occur in the sprue as well as at 
the face of the mold, and water from the loosened material combines with the 
metal in the form of steam (Fig. 7). 


Additions of Zinc at the Wrong Time 


25. As in the case of phosphorus additions, the interval of time allowed 
for completion of the zinc addition reaction should be at least 2 min. (prefer- 
ably 5 min.) before casting the test bar. 

26. The exact reaction, while not known, is thought by some to be 
entrapped zinc oxide which does not have time to free itself. 

27. At times, the fractures (Fig. 8) appear as if there might be gas present 
Zinc additions will liberate gas by the readjustment of the elements within 
the bath, and here again the interval of time before pouring is necessary. 
































Fic. 6—Fine Gas Howes 1n Test Bar Castine as A Resutt or INsurricrent Time ALLOWANCE FOr 
Completion OF PHospHoruUs AppiTION REACTION. 
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Fic. 7—Suor ann Cray Batt Expiosions. THese Appear Mostiy as Water Varor witH Occasion’ 
Sanp INCLUSIONS. 
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Tight, Wet and Hard-Rammed Molding Sand 


28. Wherever any conditions prevail whereby the metal boils in the mold, 
the test bar losses will be heavy (Fig. 9). 

29. For good results, a sand of 20 permeability with 6.50 per cent moisture 
is recommended. 

30. Hard ramming lowers the permeability, and a 20 permeability sand, 
by A.F.A. Standard Test, can be lowered to 10 or raised to 50, within the 
mold, just in the ramming process. 

31. Experience has shown that a medium-rammed mold of 30 permeability 
from a 20 A.F.A. test sand is desirable. 

32. Sands with large amounts of silt are not recommended for test bars. 
































Fic. 8—Derecrs 1n Test Bar Castino as A RESULT oF INSUFFICIENT Time ALLOWANCE FOR COMPLETION 
or Zinc Appirion Reaction. Tuese Derecrs Are Dirricutt to IpenTIFY AND THE 
Fracture Has THE APPEARANCE OF AN UNFED CAsTING SECTION. 
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Fic. 9—Derecrs 1n Test Bar Castinc Due to Use or Ticut, Wet ann Harp-Rammep Mo.pino SaNnp 
AND RESULTING IN SLAG, Dross anp WaTER Vapor. 


Excessive Phosphorus Additions 


33. Where an excess of phosphorus over that required to reduce the oxides 
of the metal is used, the residual balance will combine with the atmosphere 
and is believed to produce P,O,; and other gases of phosphorus and oxygen 
(Fig. 10). 

34. The phosphorus addition should not exceed 0.05 per cent unless the 
casting temperature is lowered to compensate for it. 

35. When alloys require large amounts of phosphorus, the pouring tempera- 
ture is lowered close to the freezing range of the alloy. 

36. All open sprues and risers should be covered when high phosphorus 
alloys are cast. 


Hot Short Strain 


37. Hot short cracks (Fig. 11) can come from several causes, one of which 
is dumping the mold too hot. The test bar molds should not be shaken out 
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Fic, 10—Derectrs 1x Test Bar Castine Dur to Excessive PHospHorus Appitions. Fine Gas INcLusions 
Appear IN Fracture, Sometimes Reguirinc 100 MAGNIFICATIONS FoR VISIBILITY. 
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Fic. 11—Hor SuHorr Crack Apprarinc as A Dark Fracture ON Sipe or Test Bar CAastTING As A Resvir 
» Hor SHort StTrain 


until 60 min. have elapsed after pouring, and the bars should not be hit with 
a hammer. 

38. The test bars should not be cooled with compressed air or water. 

39. The test bars may be sawed free from their gates while warm, but they 
should cool naturally from that point on. 

40. Risers are sometimes placed in the mold in such a position that a strain 
is put upon the bar. Full length risers, exposed to the air, often are the cause 
of hot short strain, the top of the riser cooling before the bar and creating a 
pull. 


Water Vapor from Charcoal 


41. When casting test bars, charcoal should never be placed in a ladle and 
the metal poured on top of it. The charcoal should be kept away from the 
metal until after the test bars are cast. 

42. Charcoal contains water which is liberated into steam which is trapped 
in the metal should any charcoal become entrapped below the surface of the 
bath (Fig. 12). 

43. There is a proper and an incorrect use of charcoal and, unless the 
proper use is known, the best policy is to leave it alone. 

44. Charcoal should be used only for one purpose, and that is the pre- 
vention of oxidation. 


Gassing of Metal from Charcoal 


45. Fine gas holes in castings as a result of the use of charcoal is a con- 
dition which varies in different foundries (Fig. 13). For those foundries 
which mix virgin copper or use copper wire for a base, charcoal is advisable, 
for these bases contain 0.50 per cent cuprus oxide, which should be reduced 
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Frio. 12—Errecr of Water Vapor FROM CHARCOAL ON APPEARANCE OF Test Bar. ON Fracture, Gris 
Resemstes SuGar CrysTAs. 
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Fro. 13—Frve Gas Howes Vismprz (Macnreication x10) iw Test Bar Castine Dug to Use or CHarcoal 
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46. For those foundries which use ingots with little or no oxide, the use 
of charcoal is not necessary. 

47, Where highly reducing atmospheres are practiced, charcoal is detri- 
mental. 

48. Where highly oxidizing atmospheres are present, charcoal is bene- 
ficial. 

49. When metal has been gassed, charcoal should not be used on the 
remelting. 

50. Charcoal should be used only when it is desirable to prevent oxidation. 


Effect of Silicon and Aluminum 


51. Silicon and aluminum are undesirable elements in “G” and ‘ow 
metals, and the contents should be kept below 0.005 per cent. 

52. In foundries where both silicon-bronze alloys and “G” and ““M” metals 
are cast, great care must be exercised to keep them apart. Silicon combines 
with lead and it is assumed that it precipitates out at the grain boundaries 
Fig. 14). 
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Fic. 14—Test Bar Havinc Appearance or Hor Snort Cracks Due to Presence or SILICON AND 
ALUMINUM. Fatture GENERALLY Witt Occur as A BreEAK IN THE Neck or Test Bar. 























53. Aluminum promotes the growth of large crystals, bringing about 
weaker properties. 

54. Silicon and aluminum are removed with ease by the smelter, but 
removal is difficult for the foundryman. In electric-arc furnaces, these ele- 
ments are often produced by molding sand coming between the arcs, the sand 
being on the gates and castings in the furnace charge. 

55. Some operators use barium sulphate to counteract the presence of 
silicon and aluminum. 


Test Bar CASTING PROCEDURE 


56. With reference as to what constitutes the proper pouring temperature 
for a given metal and pattern, the method described in the following para- 
graphs has been used with success. 

57. In Fig. 15 are shown four different test bars, all to be cast within the 
same mold and using two sprues. Pattern “A” represents a 5g-in. diameter 
side-fed bar to be machined to 0.505 in; pattern “B” represents a 5-in. 
diameter end-fed bar, to be machined to 0.505 in.; pattern “C” represents a 
0.505-in. diameter cast-to-size bar, and pattern “D” represents a 0.375-in. 
diameter cast-to-size bar. 

58. A description of an actual test is as follows: 

(1) The furnace is regulated so that 0.6 per cent oxygen shows in 
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Fic. 15—PLan ANp-SEcTIONAL Views oF Four Test Bars, Att Cast 1n Onze Moin witu Two Spruzs. 


the products of combustion, after the furnace is up to tem- 
perature. 
(2) The molding sand is checked and proves to be no. | Albany 
sand with a permeability of 20 and 6.50 per cent moisture. 
(3) Four molds are made to be cast at the following temperatures: 
2200, 2150, 2100 and 2050° F. 

59. Having melted the metal and cast the bars, the next step is to pull 
them and correlate their physical properties with the pouring temperatures. 
The actual results obtained from heats of “G,” “M” and 85-5-5-5 alloys are 
shown in Tables 1, 2 and 3. 


SUMMARY 


60. It is interesting to note that for these alloys and patterns, 2150° F. 
is the preferred pouring temperature. Above and below this point, consistency 
of properties vary. 

61. Cast-to-size bars show the best physical properties. 
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Pouring 
Temperature, 
“?. 
2200 


2150 


2100 


2050 


Table 1 


MECHANICAL PROPERTIES OF Navy “G” METAL 


Test Bar, 


0.375, 
0.505, 
0.625, 
0.625, 


0.375, 
0.505, 
0.625, 
0.625, 


0.375, 
0.505, 
0.625, 
0.625, 


0.375, 
0.505, 
0.625, 
0.625, 


In. 
Cast-to-size 
Cast-to-size 
End-feed* 
Side-feed* 


Cast-to-size 
Cast-to-size 
End-feed* 
Side-feed* 


Cast-to-size 
Cast-to-size 
End-feed* 
Side-feed* 


Cast-to-size 
Cast-to-size 
End-feed* 
Side-feed* 


Yield 
Point, 
psi. 
14800 
18400 
18000 
17500 


14000 
18000 
18500 
18000 


14500 
18500 
18000 
18000 


22400 
19000 
18500 
18000 


Tensile 
Strength, 
psi. 
51900 
50000 
45500 
45500 


50000 
50000 
45000 
45000 


51900 
50500 
46000 
45500 


53000 
53000 
47000 
46500 
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Elongation, 
Per Cent 
51.8 
59.1 
56.0 
48.7 


64.0 
64.5 
54.5 
49.0 


63.0 
67.0 
56.5 
54.0 


37.5 
60.0 
61.2 
45.0 


Analysis, per cent—Cu 88.34, Sn 7.62, Pb 0.17, Fe 0.06, Sb 0.02, Ni Trace, Si 0.00, 


Pouring 
Temperature, 
"?. 
2200 


2150 


2100 


2050 


Analysis, per cent—Cu 87.07, Sn 6.16, Pb 
S 0.039, Zn Remainder. 


S 0.011, Zn Remainder. 


MECHANICAL PROPERTIES OF Navy “M” METAL 


Test Bar, 


0.375, 
0.505, 
0.625, 
0.625, 


0.375, 
0.505, 
0.625, 
0.625, 


0.375, 
0.505, 
0.625, 
0.625, 


0.375, 
0.505, 
0.625, 
0.625, 


In. 
Cast-to-size 
Cast-to-size 
End-feed* 
Side-feed* 


Cast-to-size 
Cast-to-size 
End-feed* 
Side-feed* 


Cast-to-size 
Cast-to-size 
End-feed* 
Side-feed* 


Cast-to-size 
Cast-to-size 
End-feed* 
Side-feed* 


Table 2 


Yield 
Point, 
psi. 
19200 
21000 
18500 
16000 


21800 
19500 
16000 
15000 


19000 
19700 
16000 
16500 


21000 
21000** 
18000 
18000 


*0.625-in. is the cast diameter which is machined to 0.505-in. 
**Dross inclusion. 


Tensile 
Strength, 
psi. 
45500 
47900 
40500 
39500 


50000 
46100 
42000 
42000 


46000 
44100 
41000 
40000 


52100 
41900** 
42500 
44000 


Elongation, 
Per Cent 
45.0 
45.8 
39.5 
36.0 


54.8 
51.7 
44.0 
42.5 


1.69, Fe 0.15, Sb 0.06, Ni 0.73, Si 0.00, 
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Table 3 


MECHANICAL PROPERTIES OF 85-5-5-5 ALLOY 


Pouring Yield Tensile 
l'emperature, Test Bar, Point, Strength, Elongation, 
ad A In. psi. psi. Per Cent 
2200 0.375, Cast-to-size 11200 36600 33.5 
0.505, Cast-to-size 14400 34600 25.0 
0.625, End-feed* 15500 34000 27.7 
0.625, Side-feed* 16000 32500 19.0 
2150 0.375, Cast-to-size 13600 41900 34.0 
4.505, Cast-to-size 17200 39200 36.8 
0.625, End-feed* 15500 36500 31.5 
0.625, Side-feed* 14000 36500 36.7 
2100 0.375, Cast-to-size 15200 38900 28.5 
0.505, Cast-to-size 16500 40000 36.2 
0.625, End-feed* 13100 36600 31.5 
0.625, Side-feed* 15800 35800 35.0 
2050 0.375, Cast-to-size Cold shut Cold shut Cold shut 
0.505, Cast-to-size Cold shut Cold shut Cold shut 
0.625, End-feed* Cold shut Cold shut Cold shut 
0.625, Side-feed* 15000 38500 31.50 


Analysis, per cent—Cu 84.59, Sn 4.53, Pb 4.58, Fe 0.20, Sb 0.12, Ni 0.61, Si 0.00, 
S 0.034, Zn Remainder. 


62. On an average, end-fed bars exceed the side-fed bars in elongation. 

63. The author believes that this method of testing metal, along with the 
pattern used, is worthy of any foundryman’s time in determining what is best 
for his particular set-up. 

64. Where dry sand molds are used, the temperatures for checking are 
2100, 2050, 2000 and 1950° F. 

65. In checking physical properties on high phosphorus alloys, exceedingly 
low temperatures are required, the lowest of which is close to the freezing 
point of the alloy. 


DISCUSSION 

Presiding: W. Romanorr, H. Kramer & Co., Chicago, III. 

Co-Chairman: G. K. DreHER, Ampco-Metal, Inc., Milwaukee, Wis. 

CHAIRMAN RomaNnorF: During peace-time, as you gentlemen know, there were very 
few foundries that poured test bars, but today, there are very few foundries that do not. 
Test bars are required on practically all of the Government work being made today. 

B. A. Mixxer’: Is the increase in strength of the cast-to-size test bars caused by the 
quick cooling rate or it is caused by the skin of the casting? 

Mr. Georce: I would say that it is due to both. We know that an unmachined cast 
5¥@-in. diameter bar has a greater strength per sq. in. than it has after machining. We 





*0.625-in. is the cast diameter which is machined to 0.505-in. 
1 Baldwin Locomotive Works, Cramp Brass & Iron Foundries Div., Philadelphia, Pa. 
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DiscUSSION 
know that, upon fracture, the skin shows a much denser structure. There is more 
strength in the skin than there is in the center of the bar. 

Mr. Miter: What increase in physical properties would you expect in cast-to-size 
yersus machined bars? 

Mr. Georce: At least a 10 per cent increase in physical properties in cast-to-size 
bars over machined bars, that is, removing 1/16-in. of skin. Of course, if machined 
bars are cast Close to size, that 10 per cent gap begins to close up. 

Mr. Miter: Is there any difference between test bars which have been strain 
relieved and those which have not? 

Mr. GeorceE: Yes. Test bars which have been strain relieved will average 5 per 
cent greater physical properties than those which have not. 

Mr. Mitier: Have the test bars shown on your tables been strain relieved? 

Mr. Georce: No. It takes from one to 30 days to strain relieve a test bar. The 
strain relieving is a process that goes on in the bar after the skin has been removed. 
We notice that bars which are machined and then shipped some distance to be pulled 
have slightly higher physical properties due to this stress relieving. 

G. P. Hattrweu’*: In paragraph 9, what is meant by the statement that in badly 
gassed bars, resemblance of grain boundaries disappear. All metal has crystals and it 
would have to show grain boundaries. 

Mr. Georce: When the gas is liberated it separates out of the grain boundaries and 
breaks up these boundaries, and we have the appearance of the contiruation of gas 
holes instead of grain boundaries. In other words, it looks like the continuation of small 
marbles, we will say, in reverse. The boundaries have disappeared. Grain boundaries 
are very pronounced in oxidized metal, and as we begin to pass from the oxidized state 
to the gas state, they start disappearing. 

Mr. HALLIWELL: That is, the surface appears to be smoothed over on these boundar- 
ies that disappear, as if the metal had just been melted? 

Mr. Georce: No, I would say that the boundaries were broken up or distorted by 
the gases. 

Mr. HALLIWELL: Are the results shown at the 2150° F. temperature in Table I an 
average of 200 heats? 

Mr. GeorGe: No, this is one heat, just as it came. 

Mr. HALtiwEL_: Then I do not believe that you have a fair picture. 

Mr. Georce: The idea of this paper was to bring out the defects in test bars, not 
the physical properties. 

Mr. HaLirweE.i: In the 0.505-in. cast-to-size bar at 2050° F., you have almost as 
good properties as in any bar cast in the whole set, 53,000 psi. tensile strength and 60 
per cent ductility. On the basis of that, if I were a foundryman and was looking for a 
good temperature at which to pour, I would pour it at that temperature. 

Mr. Georce: As I said before, we could get abnormal! properties above and below 
2150° F., but they are not consistent. 

Mr. HALLIWwELL: That is what I want to bring out. If it is only one bar, that is an 
entirely different proposition. 

Mr. Georce: All of these bars are from the same heat. 

Mr. HALtrweL_: There is another thing that I believe should be clarified because 
it has come up so many times, and that is the subject of yield strength and yield point. 
Many of us have had arguments on this question, and my idea is that there is no such 
thing as a yield point in brass and bronze. What do you mean by yield point? 

Mr. Georce: I agree with you there. Of course, this yield was taken in the cus- 


?H. Kramer & Co., Chicago, Ml. 
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tomary way with a pair of dividers. The paper was not to bring out the physical prop. 
erties of metal. It is a discussion for the making of test bars. It was to bring out th 
causes of the bar failures. 

Mr. HALLIwELL: No matter what the paper is intended for, I believe that we should 
have a clarification of some of the points that are controversial. 

Mr. Georce: We could clarify it to such an extent that it would be voluminous, 

D. F. O’Connor’®: Did you use a crucible for melting in these tests? 

Mr. GEorRGE: Yes. 

Mr. O’Connor: Many foundrymen pour the metal from the melting furnace into , 
portable ladle and, in my opinion, it is difficult to determine whether some of th 
defects that appear in the test bar may not be caused by the ladle lining or the pre. 
heating of the ladle. 

Mr. GeorGce: Yes, we know that metal can be gassed from green ladles. 

Mr. O’Connor: It has been my experience that to obtain a good, sound test ba 
we must liberate the gas from the mold. Therefore, where the wedge-shaped riser com: 
off the bar, do you believe that the strain set up in cooling would offset the defects tha 
would be caused by the liberation of the gas through that head? 

Mr. Georce: That is quite a technical question. We do know that when the top of 
the head solidifies on such a bar it is in a state of strain, and that, if it solidifies while 
the metal in the bar is still hot, it does send a strain back through the bar. 

Mr. O’Connor: You have not mentioned the rate of pouring of the test bar. Po. 
sibly, some of the defects in test bars may be caused by trapped gases if the metal flow 
into the mold with such velocity that it does not permit these gases to escape. Then it 
is a question of whether we will get better results by having the open head, permitting 
the gases to escape, or of pouring at the proper temperature so that strains will not 
be set up. 

Mr. Georce: The permeability of the sand takes care of gases. 

Mr. O’Connor: Would they not pass out more readily through an open head? 

Mr. Georce: I believe that the closed head would be preferable, letting the gas: 
pass through -the sand. 

J. G. Weser‘: Are the %-in. and 0.505-in. test bars cast to size? Are you actually 
casting to micrometer size? 

Mr. Georce: We turn the pattern to micrometer dimension and cast to size, and 
use that area for testing the physical properties. A '/2-in. bar does not come out 0.505 
in. in a casting. As a rule, it comes out a few thousandths larger. 

H. R. Krnoc*: Do you find any bad effects from cutting off test bars with an abrasive 
cut-off wheel rather than sawing them off? 

Mr. Georce: No. 

Mr. Kino: If you find 2000° F. to be the proper pouring temperature for test bars 
in dry sand molds and wish te pour the castings at 2100° F. to get good castings, hu» 
do you accomplish it? 

Mr. Georce: We would have to pour the casting first and the test bar from the last 
of the pot. 

MemBerR: Do you use flour on the sprue? 

Mr. Georce: Yes. 

MemBeErR: How would silver lead behave on the sprue? 

Mr. Georce: I imagine that some would wash through. I do not recommend silver 
lead on test bars. We use flour entirely. 

3 Walworth Co., Inc., Greensburg, Pa. 


*Ampco Metal, Inc., Milwaukee, Wis. 
5 Metal & Alloy Specialties Co., Inc., Buffalo, N. 1. 
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Harotp J. Roast’: As to the question of test bars, I do not agree that it would be 
voluminous to elucidate the matter. In any problem, we can give an X number or an 
infinity number to things we can not and should not do, but it does not follow that we 
have to give anything like that number to the things that enable us to solve the prob- 
lem. It is because of that we have, in our particular company, adopted the keel block. 

Now in the first place, it is not my keel block. It was originated many years ago and 
still has a great many adherents. 


The first objection to the keel block, I am told, is that it takes from 35 to 40 lb. of 
metal. That assumes, therefore, that when you are making large castings, say from 
1000 to 6000 or 8000 lb., that you always melt the metal within 40 lb. You generally 
put the excess metal into ingots. It is more practical and more profitable to put it into 
test bars. 

Then it also assumes that the test bar is not attached to the casting. Now during the 
last war, as well as this, we have fought out the question of that point with the English, 
American, French and Canadian specifying authorities and we have never attached a 
test bar to a casting. We must remember that a test bar has one purpose only, and that 
is not to tell us the strength of the casting but the quality of the metal which went 
into it. a 

From there, we logically go to the fact that it must be of a form to give us the best 
quality of the metal, metal as analogous to the casting as possible. From there on, to 
me it is logical to say that cast-to-size bars do not fulfill those conditions. I have found 
that inspectors would frequently object because they say, “We want this test bar 
attached to the casting. We think we are going to get a result similar to the casting.” 


Now we have to admit that a 0.505-in. cast-to-size bar certainly does not represent 
a big casting as well as a casting like the keel block, which has this massive metal to 
keep it hot and where the cross section of the square bar is 1% in. In the case of the 
keel block you may safely say to an inspector, “That is of sufficient size to really rep- 
resent the strength of the casting, where the conditions of the casting simulate the test 
bar, which of course is not very often.’ Any casting has, at least, from three to six 
extremely different strengths at different points. 


In regard to the question of charcoal, I agree with Mr. George that it is a dangerous 
thing to handle, whereas it formerly was looked upon as the cure-all. However, there 
are conditions in which it is as good as he says as long as we have it, say, on the top 
of the cold ingot metal and the charcoal is red hot and dry before the metal reaches 
the red-hot point where it will start to absorb. 


Of course, if you have gas in the metal, not only should you not cover it with char- 
coal but you should not cover it with anything if you want the gas to get out. 


Personally, and I took the same exception to a report of the Test Bar Committee 
in England, I do not believe that the figures given in Table I are at all as close as 
they should be for the same metal cast at the same temperature. In Table I, under 
2150° F. are shown 14,000 and 18,000 psi. yield points. The beauty of the keel block 
is that I have yet to find any notable difference, let us say, within 1000 psi., in any one 
of the three bars. 

Now we come to the contentious yield point. I agree with Mr. Halliwell when he 
says that he does not believe in the term. Obviously you must define it. We have 
used two yield points. One is the extensometer reading. The extensometer is attached 
to the bar, and we pull the bar with the load on until we have reached 0.01-in. exten- 
sion. That, at least, is a positive thing that can be followed in one place and another 
throughout the country. If we take the scribe test, we will find that the scribe some- 


*Canadian Bronze Co., Montreal, P. Q., Canada. 
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times gives very astonishing results, always higher, but sometimes 3000 to 4000 }} 
higher on a bar going say 45,000 or 50,000 psi. That is obviously the reason wh, 
foundrymen prefer the scribe test. 

MemBer: Do you find any variation in pouring in warm dry sand as against cold 
dry sand? 


Mr. Georce: Yes. There is danger in pouring in cold dry sand because there js , 
certain amount of water vapor present. If the cores are warm, we seem to get the best 
results. Of course, we know that if the cores are very hot, then it is the same as adding 
more temperature to the metal. There is a difference. 

M. C. Row.anp': We pour Navy “G” metal and we also machine the bars and give 
them a final grinding operation. We pour two molds with two icst bars in each, and 
then take one bar from each mold to test, and we have found that, at times, these bars 
will fail. They will have low strength and very low elongation. If we take two test 
bars, one from each mold, and have them carefully machined, the results are always 
good. We have never had a failure when we had the bars carefully machined. W; 
assume that since the fracture is discolored, the bars were burned during the grinding 
operation. We have attempted to produce the burned condition in machined bars by 
heavy grinding, but were unable to do so. Have you ever encountered this problem? 

Mr. Georce: I have not seen that condition, but I have found that where two bar 
are cast in a mold and the cavity of one pattern is swabbed, there is a loss of physical 
properties in the bar from the swabbing and the other bar would be up to standard. 

Mr. HALLIWELL: I agree with most everything that Mr. Roast has said here, but 
many of the foundries today are not making 1000 to 8000-lb. castings; they are making 
smaller castings and using 200-lb. pots. Obviously, +0 or 50 lb. taken for test bars from 
a small heat constitutes a relatively large amount of metal. Do you use the same test 
bar for the small heats? 

Mr. Roast: Yes, we use the same test bar. I agree that if you must take a test bar 
out of each crucible, something would have to be done about it. What we did was t 
arrange with the inspectors to take spot checks of so many crucible heats. If you can 
not do that, then you will have to decide whether the casting is so critical and the test 
bar from it is so critical that you should use the bar that will give the best and most 
reliable results. But I would be inclined to use a cast-to-size bar if I had to make a 
test bar from each crucible heat. 

Mr. Kinc: Mr. George, will you summarize the means used to obtain good test bars’ 

Mr. Georce: The use of a good, clean molding sand, having a permeability of about 
30 in the mold. The sand must be free of all shot and clay balls. The mold, sprue and 
runner should be well cleaned, floured, and all excess flour blown off. 


In pouring the bar, care must be taken that the metal does not strike the weight on 
top of the mold, or does not cut the zinc oxide off the front of the weight which has 
accumulated from previous heats. 


We believe that the method of gating shown (Fig. 15) is an economical one and 
reduces the chance of metal washing in the mold. If any dross should come through 
the sprue, it will probably go into the riser and not into the casting. 


In the melting of metal for test bars, the furnace should contain from 0.3 to 0.6 per 
cent of oxygen and the metal should never get beyond the plastic stage until the total 
charge is in the furnace. The metal is then brought up to the temperature required to 
cast the bar, or not more than 100° F. over the temperature at which it is intended 
to cast the bar, in which case it is then allowed to cool to the proper temperature. 


4 General Electric Co., Schenectady, N. Y. 
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The Rate of Spheroidization and the Physical Properties of 
Pearlitic Malleable Iron After Isothermal Quenching 


By WaLTER H. BrucKNER*, URBANA, ILL., AND JuN Htno**, Rockrorp, ILL. 


Abstract 
This paper presents data concerning investigations made on the feas- 
ibility of reducing the heating cycle required for spheroidization of 
malleable iron. The investigations included isothermal quenching at tem- 
peratures of 1200, 1100, 1000, 900 and 600° F. Photomicrographs are 
included to show the malleable irons investigated “as received,” as 
isothermally quenched and at various stages of spheroidization 


INTRODUCTION 

[he pearlitic malleable type irons studied are produced by processing 
white iron castings suitably balanced as to chemical content to give an end 
product containing nodular graphite and spheroidal carbides dispersed in a 
matrix of ferrite. The present practice in processing the white iron castings 
onsists of two stages of heating as follows: 

|) The first stage anneal in which the white iron is heated to around 

1700° F. and held for a sufficient time to decompose all massive 
cementite to nodular graphite. The charge is then removed from 
the furnace and allowed to cool in air. 
The second stage in which the pearlite resulting from the trans- 
formation of austenite remaining after the first stage anneal 


spheroidized by heating at 1280° F. for 30 to 40 hr. 


2. The white iron castings are usually packed in boxes to minimize de- 
carburization during first stage anneal, thus, when a car-full of such boxes is 
removed from the furnace after first stage anneal, their cooling rate in air is 
low. The low rate of cooling causes the austenite to transform to coarse, 
lamellar pearlite which is reluctant to spheroidize at 1280° F. The industry 
desired to reduce the 30- to 40-hr. heating cycle now required for spheroidiza- 
tion to one of shorter duration. It was suggested by D. P. Forbes, President 
of Gunite Foundries Corporation, that an isothermal quench of the austenite 
after first stage anneal would produce a fine pearlite which could easily be 


spheroidized. 


~ 


*Research Assistant Professor of Metallurgical Engineering, University of Illinois 

**Metallurgist, Ipsen Industries. 

Nore: This paper was presented at a session of Malleable Iron Founding at the 48th Annual 
Meeting, American Foundrymen’s Association, Buffalo, N. Y., April 26, 1944. 
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3. Some work on this subject was previously carried out in the Departmen; 
of Mining and Metallurgical Engineering by C. S. Nielsen, B.S. 1940, as 
partial requirement for a degree in metallurgical engineering. The dat, 
obtained by Nielsen indicated that the fine pearlite resulting from isothermal 
decomposition of the austenite could be spheroidized at 1280° F. in a sub. 
stantially shorter time than the coarse pearlite resulting from industrial pro- 
cessing. Nielsen’s data was reported by H. L. Walker in discussion of R. | 
Cowan’s paper* presented before A.F.A. in 1940. The effects of the isothermal 
quenching and spheroidization on the physical properties and the response of 
irons of differing chemical contents could not be surveyed in the time available 
for a senior thesis. 

4. The research herein reported was made the subject of a master’s thesis 
by the junior author, Jun Hino, under the senior author’s direction, in the 
Department of Mining and Metallurgical Engineering, of which Professor 
H. L. Walker is the head. The work was conducted as a project of the 
Engineering Experiment Station, of which Dean M. L. Enger is the director, 

5. The large number of specimens required for the research were supplied 
by the Gunite Foundries Corporation through D. P. Forbes and by the Eastem 
Malleable Iron Company through J. A. Durr, Technical Director. The 
assistance of P. A. Paulson and G. K. Minert, Metallurgist and Chemist, respec- 
tively, of the Gunite Foundries Corporation in arranging for the casting and 
first stage annealing of the test bars is gratefully acknowledged. 


MATERIALS 


6. All of the irons studied were supplied by the foundry in the form of 
standard malleable iron tensile bars with a 24-in. length between shoulder 
and approximately 54-in. diameter in the gage length of 2 in. It was requested 
that the foundry supply test bars of the above form which had been given 
the first stage anneal to break up the massive cementite. The specimens, 
however, had been given the first stage anneal, and in addition were spheroid- 
ized at the foundry before shipment. 

7. The analyses of the irons included in the paper are given in Table |. 
It will be noted that fair checks of total carbon content were obtained for all 
analyses except GZ4 in which considerable variation occurred. One of the 
foundries reported that the following procedure was employed in melting and 
casting the irons: 

“The cold charge in the air furnace consisted of approximately 30 
per cent hard iron, 10 per cent malleable scrap, 35 per cent pig iron, 
and 10 per cent steel scrap. To this was added 15 per cent of iron 
from the cupola consisting of 70 per cent hard iron scrap plus 5) 
per cent pig iron. The steel was made from steel scrap, and enough 
silvery pig or silicon to bring out 2.50 per cent silicon from the 
cupola; blown in the converter and deoxidized with ferro-manganes, 





*Cowan, R. J., “Heat Treatment of Malleable Iron,’’ Transactions, American Foundrymen’ 
Association, vol. 48, pp. 293-297 (1940). 
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Table 1 
ANALYSES OF PEARLITIC MALLEABLE [IRONS 
Grade Per Cent 

No. a. Mn Si P Ss 

GZ1 1.94* 0.73 0.86 teat cla ahs 
1.98 irate unre 0.148 0.070 

GZ2 2.18* 0.73 0.88 asics date 
2.16 or eis 0.113 0.071 

GZ3 2.12* 0.76 0.91 Cacia ae 
1.98 — ee 0.148 0.071 

GZ4 1.79* 0.76 0.96 eee er 
1.14 othe Se 0.066 0.068 

GZ5 2.10* 0.70 1.00 re. at Fhe 
2.16 i aig ots 0.064 0.072 
2.03 

GZ6 1.85* 0.94 0.89 eae ein 
1.96 eee pe 0.142 0.080 

GZ7 2.08* 1.14 0.80 ee ee 
2.08 when See 0.132 0.076 

EZ1 "2.50*  0.75-0.80 1.11 


*Denotes use of sample of white iron for analysis, all others were from iron after first stage a”neal. 


ferro-silicon, and aluminum. The steel was added to the air-furnace 
iron in proportions calculated to get the desired carbon from 2.30 
per cent carbon, air-furnace iron, and 0.30 per cent carbon steel.” 


8. The steel and air-furnace iron were not weighed to determine their 
exact amounts before mixing and it was, therefore, not always possible for the 
foundry to make a close approach to the desired chemistry. The wide varia- 
tion in the total carbon reported on separate samples of grade GZ4 in Table 1 
may be indicative of insufficient mixing of the iron and steel before pouring 
the tensile, bar castings. 

METHODS AND PROCEDURE 

9. It was decided that the studies on the isothermal decomposition of the 
austenite remaining after first stage anneal should be made on the austenite 
existing at the temperature of annealing. Therefore, all of the irons were 
heated to 1700° F. for re-austenitizing prior to cooling at various rates or 
to various isothermal transformation temperatures. 

10. A dilation-time study was made of the transformation of austenite 
quenched from 1700° F. in lead or lead-bismuth at temperatures in the range 
of 1200 to 600° F. The study was made with the same type of dilatometer 
as described by Davenport and Baint. The end of the transformation was 
determined from the peak of the time-elongation curves for specimens approx- 
imately 3 in. long, % in. wide and 1/16 in. thick. Ali of the irons given in 
Table 1, with the exception of the GZ7 iron, were thus studied, and provided 
the data required for isothermally quenching the tensile bars. 

11. The GZi and EZ1 tensile bars were initially used for studies of physical 





+Davenport, E. S., and Bain, E. C., ‘‘Transformation ef Austenite at Constant Subcritical Tempera- 
tures,”” Transactions, A.I.M.E., vol. 90, p. 117 (1930). 
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properties and were austenitized at 1700°F. The tensile specimens were 
quenched in lead or lead-bismuth at temperatures in the range of 1200 to 
600° F. The tensile bars were held in the quenching pot for 150 per cent 
of the time required for complete transformation as previously indicated from 
the dilatometer studies. Two bars of each of the two grades of iron wer 
cooled from 1700° F. as follows: (1) in the furnace, (2) in still air, (3) in 
lead at 1200° F., (4) in lead at 1100° F., (5) in lead at 1000° F., (6) in lead 
at 900° F., (7) in lead at 800° F., and (8) in lead-bismuth at 600° F. Tensile 
tests made on the bars in the as-transformed condition, without spheroidizing, 
indicated that similar properties were exhibited by irons cooled as in (2), (3), 
(4) and (5) above. A survey of the miscrostructure of the bars after tensile 
tests had been made showed that the lamellar pearlite resulting from cooling 
as in conditions (2) to (5) were not greatly different. It was, therefore, 
desirable to establish the cooling rate and austenite transformation tempera- 
ture for all. conditions of cooling. 

12. A tensile specimen was provided with a central drilled hole into which 
a sheathed thermocouple of 0.10-in. diameter platinum, platinum plus 10 per 
cent rhodium thermocouple wire was inserted as shown in Fig. 1. The thermo- 
couple was attached to a 2-sec. recorder which gave an automatic record of 
the instantaneous temperatures from the time of quenching at a temperature 
of 1700° F. to the time when transformation had been completed and the 
recorder was stopped. Figure 2 shows the cooling curves obtained by plotting 
the data on the recorder chart for all conditions of cooling, except (1) furnace 
cooling. From the data compared in Fig. 2 and the results of examination 
of the microstructure, it appeared to be desirable to limit the study of physical 
properties to-tensile specimens cooled from 1700° F. as follows: 


Series A, furnace cooled 

Series B, air cooled 

Series C, quenched in lead at 1000° F. 

Series D, quenched in lead at 800° F. 

Series E, quenched in lead-bismuth at 600° F. 


13. Tensile tests were made on specimens of all grades of iron in the 
as-transformed condition, series A, B, C, and D without spheroidization. 
Similar tests were attempted for irons in series E, but due to their extreme 
brittleness, the tensile bars broke in the grip ends. On completion of the 
tensile tests, the specimens were cut up into a number of half-round disks, 
approximately 4-in. thick, which were heated in cast iron chips to 1280° F. 
in order to study the rate of spheroidization. The progress of spheroidization 
at 1280° F. was determined from the microstructure of specimens removed 
from the furnace after they had been maintained at furnace temperature for 
the following intervals (in hr.): %, 1, 3, 5, 10, 17, 24, 36, 48, and 68. 
Hardness tests were also made on the specimens removed from the furnace 
at the intervals previously shown. 
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Fic. 1—Construction or THERMOCOUPLE FoR Opstaininc Cootinc Curves or Tensite Bars. 

\4. The micrographic survey of the progress of spheroidization showed 
that complete spheroidization had been attained in 10 hr. for all specimens, 
except those that were furnace cooled. Two tensile specimens from each series 
from A to E were then spheroidized for 10 hr. at 1280° F. and furnace cooled. 
Tensile tests were made on the specimens but their ductility was, in general, 
quite low, therefore, another set of two bars of each of series A to E was 
spheroidized at 1280° F. for 36 hr., cooled in the furnace, and tested for 


. tensile properties. Two bars of each analysis in series E were spheroidized for 


) hr. at 1280° F., and tested for tensile properties since the specimens, that 
were heated for 5 hr. at 1280° F., appeared to have attained complete 
spheroidization. 


Data OBTAINED 
15. The “as received” microstructures of all of the irons included in the 
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research are shown in Figs. 3 to 6. The distribution of the nodular graphite 
is shown in the micrographs at 50x and the condition of the combined carbon 
is shown at 500x. It will be noted that all of the micrographs except that of 
GZ7 have a large percentage of spheroidized carbides which resulted from 
the spheroidizing treatment in the foundry. The specimen GZ7 is the only 
one which had a definitely lamellar structure. The latter specimen had been 
subjected to a first stage anneal, in vacuum, and furnace cooled in the 


A) 


laboratory from 1700° F. 


16. The effect of increasing manganese (Table 1) is shown in the sequence 
of micrographs for irons GZ5, GZ3 and GZ6 (Figs. 5 and 6). The specimen 
GZ5 appeared to have been completely spheroidized while GZ3 and GZ6 
showed a residual lamellar structure. The GZ6 specimen which had the 
highest manganese content had a considerable number of massive carbide 
particles which were not broken down during the first stage anneal. This 
sequence of micrographs illustrates the potent effect of manganese in stabiliz- 
ing the carbides. 

17. The change in the size and distribution of the nodular graphite due 
to an increase in the total carbon content (Table 1) is illustrated in the 
sequence of micrographs for irons GZ2, GZ3, and GZ4 as shown in Fig. 5. 
The extent of dispersion and the size of the graphite nodules decreases in the 
order named. In addition, the spheroidal condition of the carbides in speci- 
men GZ2 reflects the slightly lower manganese content of this analysis. 


18. The rate of isothermal decomposition of all of the various grades of 
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Fic, 5—PHoTomicroGRAPHS OF MALLEABLE Irons GZ1 to GZ4 “‘As Recerven”. MacnrricaTion’ 500X. 
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iron shown in Table 1 (except GZ7) when quenched from 1700° F. was 
determined by means of dilation studies as previously described. The curves 
in Fig. 7 show the time (plotted as the log. of time) required for complete 
transformation of the austenite in specimens GZ1 to GZ6 at temperatures 
between 1200 and 600° F. Specimen GZ5 which had the lowest manganese 
content started to transform sooner than any other specimen and the trans- 
formation was completed before any other specimen had completed its trans- 
formation at the various temperatures at which the transformation was studied. 
Specimen GZ6 which had the maximum manganese content of series GZ1 
to GZ6 was the most sluggish in transforming. Specimen GZ6 started to 
transform later than any other in the series and was the last one to complete 
the transformation at any of the temperatures at which the transformation 
was caused to take place. 
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19. The microstructures resulting from various conditions of transforma. 
tion are shown in Figs. 8 and 9 for specimens of the GZI grade of iron. Th 
microstructures are described as follows: 

(1) The furnace-cooled specimen contained coarse, lamellar pearlite 
and was the only one to show a network of free ferrite. 


(2) The air-cooled specimen contained lamellar pearlite which had ; 


considerable range from a coarse to a medium inter-lamella 
spacing. 

(3) The specimens cooled in lead at 1200, 1100, and 1000° F. had 
lamellar pearlite of uniform character for any one specimen bu 
which decreased slightly in inter-lamellar spacing in the order 
named. 

(4) The specimen quenched in lead at 900° F. had a bainite structur 
with some outlining of the prior austenite grains with fine pearlite 

(5) The specimen quenched in lead at 800° F. had a uniform bainite 
structure. 

(6) The specimen quenched in lead-bismuth to 600° F. had an acicular 
structure of lower bainite which was quite similar to martensite 

20. Of the microstructures discussed above and shown in Figs. 8 and $ 
only five represent the prior structures for studies of the effects of spheroid. 
ization on the physical properties. The five structures are those for the fd. 
lowing conditions: furnace and air cooled, quenched in lead at 1000° F. and 
800° F., and quenched in lead-bismuth at 600° F. 

21. The tensile strength and elongation of all specimens in the “a 
quenched” condition and after spheroidization for 10 and 36 hr. are shown 
in Fig. 10.. A comparison is given in Fig. 11 for series E specimens quenched 
to 600° F. which were spheroidized for 5 and 10 hr. 

22. The tensile tests for series A, B, C, D, and E are given, respectively in 
Tables 2 to 6, inclusive. 

23. In Fig. 12, curves are given for the various grades of iron in which the 
Brinell hardness is plotted as ordinate and the log. of the time of spheroid- 
zation is the abscissa. The hardness value for zero time is the hardness o! 
the “as quenched” iron and the temperature of spheroidization was uniformly 
the same, 1280° F. All of the hardness tests were made with the Rockwell 
diamond brale and a load of 60 kilograms, the Rockwell “A” readings thu 
obtained were converted to Brinell hardness by means of the Rockwell con- 
version chart. 


24. A study of the microstructure of all of the specimens was made 0 
order to follow the progress of spheroidization. A highly consistent trend wa 
noted for all of the irons in correlation of the observed microstructure with 
the hardness values. The series of micrographs in Figs. 13 to 16, which ar 
for the GZ1 ‘iron, are typical of the entire study and show the effect of th 
initial carbide type, and dispersion on the rate of softening at 1280° F. 
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DISCUSSION OF THE DaTA 


25. The hardness data as plotted in Fig. 12 against the log. of the time a 
the spheroidization temperature of 1280° F. are the most consistent of any of 
the data obtained. The higher the initial hardness of the irons the more 
rapidly the hardness decreased with spheroidization time. However, after 
5 hr. at 1280° F. all of the irons showed little difference in hardness for the 
series B, C, and D specimens while a considerable difference still remained 
after 5 hr. between the series B, C, and D specimens as a group compared 
with the series A specimens. The series A specimens were furnace cooled, 
and had the coarsest initial structure, consequently they were the most reluctant 
to spheroidize. The micrographs in Figs. 13 to 16 indicate that after 68 hr. 
at 1280° F. the series A specimen was still not entirely spheroidized, thus in 
Fig. 12 the hardness of the series B, C, and D specimens for most of the irons 
was slightly below the hardness of the A series specimens at the end of 68 hr. 
In the unspheroidized condition, series C specimens of the GZ1, GZ3, and EZ], 
iron quenched to 1000° F. and isothermally transformed, had the maximum 
hardness. Of the GZ2, GZ4, and GZ6 irons, the series D specimens trans. 
formed at 800° F. had a higher hardness than those of the C series. For the 
specimens of GZ3 and EZ1 irons, the D series had a lower hardness than the 
specimens of the air cooled B series. The tensile strength in the unspheroid- 
ized condition did not correspond with the hardness values; all of the series ( 
specimens in the unspheroidized condition had the maximum tensile strength. 
The unspheroidized series A specimens had the minimum tensile strength 
except for specimens of grade GZ2 and GZ6 iron for which the series D 
specimens had the lowest strength. 


26. It is unfortunate that, in general, for each test condition only two 
tensile tests could be made on the “as quenched” irons, and the irons spheroid- 
ized for 5, 10, or 36 hr. With entirely sound specimens having fair ductility, 
reasonably good checks in the tensile tests could have been expected but in the 
pearlitic malleable type iron specimens studied there was general unsoundness, 
and fair ductility usually was not established until after 36 hr. of spheroidiza- 
tion. It would have been desirable to make an average of five to ten tensile 
tests and reject the test values obtained from obviously defective specimens; 
however, such a procedure would have involved not only a tremendous 
number of specimens but also an inordinate amount of time for heat treat- 
ment and testing. 


27. In assessing the indications of the tensile test data, usually based on 
the average of two tests, it is possible to note the general trend of the data 
and review the existing exceptions to these trends. From the charts of Fig. 10 
and the data in Tables 2 to 6, inclusive, it is established that: 

In the “As Quenched” Condition: 


(1) The tensile strength increased consistently for each grade of iron in 
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the order of series A, B, C, while the ductility decreased in the 
reverse order. 

(2) The series D specimens were consistently lower in tensile strength 
than the series C specimens but did not have a constant relation- 
ship with the series A or series B specimens. 

After 10 Hr. of Spheroidization at 1280° F.: 

(1) The tensile strength was, in general, lower than that of the un- 
spheroidized specimens. The exceptions are specimens GZ1 and 
GZA4 of the A series and specimens GZ2, GZA, and GZ6 of the D 
series, all of which had a higher strength than the corresponding, 
unspheroidized specimens. 

(2) The ductility of the specimens increased as compared with the 
unspheroidized specimens. The exceptions are the GZ2 and GZ6 
specimens of the A series which had the same elongation as the 
unspheroidized specimens. 

After 36 Hr. of Spheroidization at 1280° F.: 

1) The tensile strength was, in general, lower than that of the speci- 
mens spheroidized for 10 hr. The exceptions are specimen GZ6 
of the A series, specimen GZ3 of the B series, specimen GZA of 
the C series, and specimen GZ6 of the D series. 

The ductility of the specimens increased as compared with the 

specimens spheroidized for 10 hr. The exceptions are specimens 

GZ3 and GZ4 of the A series, and specimens GZ1 and GZ4 of 

the D series. All of the exceptions had greater ductility after 10 

hr. of spheroidization than after 36 hr. of spheroidization but the 

ductility after 36 hr. of spheroidization was greater than that for 
the unspheroidized specimens with the exception only of specimen 

GZ3 of the A series. 

28. In the unspheroidized condition, the generally higher ductility of the 
furnace-cooled specimens, series A was especially noteworthy. However, in 
single-specimen, tensile tests made on only specimens GZ5 and EZ1 in the 
“as received” condition values were obtained as follows: 


nh 


Tensile Strength Elongation 
Spec. GZ5 67,700 psi. 11.5 per cent 
Spec. EZ1 79,900 psi. 10.0 per cent 


Comparison of these values with the data on the similar specimens in Fig. 10 
and in Tables 2 to 6 is particularly disappointing since the above ductility 
of the single GZ5 specimen was exceeded on the average only in series A and E 
after 36 hr. of spheroidization, while specimen EZ1 never reached 10 per cent 
average elongation in any condition of heat treatment. There was, however, 
for the two grades of iron, a close approach to the above cited ductility with 
a considerably higher tensile strength in many conditions of the heat: treat- 
ment reported. 

29. The most promising data are those for the 10 hr. spheroidization since 
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a considerable improvement in ductility was obtained, compared with the 
unspheroidized specimens, and the tensile strength was not as seriously 
impaired as by the 36-hr. spheroidization. The specimens of the GZ5 grade 
of iron appeared to have outstanding properties, especially after 10 hr. of 
spheroidization. There was a marked improvement in ductility of the GZ5 
iron in particular after 36 hr. spheroidization but the tensile strength was 
reduced to a minimum for the entire series of irons. 


30. The maximum tensile strength recorded was for the single specimen 
of the GZ1 iron in the unspheroidized condition, Table 4, which had been 
isothermally transformed at 1000° F. The high strength of 146,500 psi. was 
accompanied by a relatively high elongation of 1.5 per cent as compared with 
other specimens of this series in the unspheroidized condition. 


31. The maximum ductility recorded was for the single specimen of the 
GZ5 iron in series A, furnace cooled and spheroidized for 36 hr. Table 2 
shows that the specimen elongated 16.5 per cent and had a higher tensile 
strength than the companion specimen which elongated 14.5 per cent. 


SUMMARY 

32. The heat treatment of pearlitic malleable iron by spheroidization at 
1280° F. after the first stage annea! may be controlled by the simple expedient 
of regulating the time of spheroidization. For practically any of the methods 
of cooling from the temperature of the first stage anneal, except furnace 
cooling, a spheroidization period of 10 hr. produced a combination of high 
tensile strength, and generally fair ductility. A substantial increase in ductil- 
ity was obtained with a consequent large reduction of tensile strength by 
increasing the spheroidizing time to 36 hr. 

33. The spheroidization of all series of specimens was substantially com- 
plete after 5 hr. at 1280° F. except for the furnace-cooled series; however, 
good ductility was not established until the number of carbide spheroids was 
greatly reduced by coalescence during a period of spheroidization greater than 
10 hr. This behavior suggests the desirability of.a quenching procedure which 
would produce a coarse spheroidite directly after the first stage anneal. 

34. The microstructure of the GZ5 grade of iron in the “as received” con- 
dition and the physical properties of the single specimen tested in this condi- 
tion suggest the possibility of adjusting the manganese content of the pearlitic 
malleable type of iron studied, in order to obtain complete spheroidization on 
slow cooling from the first stage anneal. The second stage of heating to 
1280° F. for spheroidization would thus be unnecessary. 


35. In the unspheroidized condition, the two treatments represented by 
series A, furnace cooling, and series C, isothermal quench at 1000° F., gave the 
specimen so treated notable properties. The series A specimens had fair 
elongation values but low tensile strength while the series C specimens had 
excellent tensile strength with negligible elongation. 
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DISCUSSION 


Presiding: A. M. Futon, Northern Malleable Iron Co., St. Paul, Minn. 
Co-Chairman: Frep L. Wo tr, Ross Tacony Crucible Co., Tacony, Philadelphia, Pa. 


J. H. Lanstnc, Malleable Founders’ Society, Cleveland, Ohio, presented the paper 
in the absence of the authors. 


D. P. Forses’: Our company owes the authors some apology, due to the fact .that 
these specimens which we submitted for use in the engineering work at the University 
of Illinois were not particularly good specimens ; many of the bars had defects and, the 
analyses that were set were not met very closely. The only excuse that we can offer for 
that is the fact that they were made under very difficult conditions. We were not 
producing metal commercially to the analysis desired and we attempted, by mixing liquid 
steel and liquid white iron, to obtain these particular carbon analyses. I do not know, 
and the tests do not seem to show, whether or not a metal mixed in that way would 
give heat-treating properties and tensile properties comparable to one which was pre- 
pared as a single melt. 


One of the interesting things that have been brought out by Professor Bruckner’s work 
is the fact that the metal in sizes, at least test bar sizes, can be isothermally quenched 
and apparently will give a uniform structure throughout. That probably is due to the 
percentages of silicon and manganese which are present in the metal, and which give it 
a certain deep-hardening property which an ordinary carbon steel would not have. It 
was hoped that the spheroidizing time could be very materially reduced by this isothermal 
quench, but the data in the paper do not seem to prove that point. The tensile prdper- 
ties do not equal the properties normally obtained commercially by material which is 
simply air cooled and then spheroidized. 


I believe that a great deal is still to be learned about the mechanism of spheroidization. 
It does offer possibilities for obtaining higher ductility in pearlitic irons than normally 
can be obtained with a purely pearlitic matrix. Possibly the procedure that Professor 
Bruckner suggests of extremely slow cooling to develop spheroidite directly from austenite 
may yield some promising results. 

D. Tamor*: Mr. Forbes, on the matter of size; when we try to austemper an 0.85 
per cent carbon steel, we can take a %-in. round after it is austempered and bend it 
double. Do you find that, as the size increases, the ductility changes? 


Mr. Forses: I would say that most of these materials, after austempering, do not 
have any great amount of ductility. They have some, as the paper brings out. I 
believe that the GZ-5 series showed the best properties in that respect. However, the 
ductility is of a rather low order in that material until it has been spheroidized. 

Mr. Tamor: It is possible to get a complete bainite structure in a %-in. round. 
Now, when we austemper, the amount of banite we are going to get at a certain tem- 
perature depends upon the mass. 

Mr. Forses: We have done none of the work ourselves and have only seen the results 
of it as Professor Bruckner reported, but apparently he has been able to get a completely 
bainite structure in the %-in. diameter of the standard malleable test bar. Now, how 
far we can go beyond that if we were to austemper a casting of considerable mass, I do 
not know. 

Pror. BRUCKNER (authors’ closure): As Mr. Forbes states, it was unfortunate that 
so many of the tensile bars tested had defects. However, there were a sufficient number 
of sound specimens to survey the trend of the effect of both heat treatment and com- 
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position on the physical properties. For two additional series of irons which we received 
it was possible to examine the extent of internal flaws in each bar by means of adie 
graphs made with the betatron. The radiographs were made by Professor D. W. Kery 
and his associates in the Physics Department of the University of Illinois, and the numbe; 
of defects shown caused our decision to discard the material. It is our understanding 
that porosity in malleable iron tensile bars of the type tested can now be controlled to 
a high degree. 

The spheroidizing time is shown by our data to be very materially reduced by the 
isothermal transformation, especially for the transformation temperatures in the region 
of 1000° F. and 600° F., but, as we have pointed out, sufficient ductility is not established 
immediately upon spheroidization. Good ductility is not established until a large 
amount of free ferrite is formed by the coalescence of the spheroidized carbides. There. 
fore, it appears to be of no commercial advantage to reduce the initial spheroidizing 
time, since the time at 1280° F. for the formation of free ferrite by coalescence of a 
large number of small, spheroidal carbides is approximately the same as the time neces. 
sary to obtain the required free ferrite by spheroidization of a coarse, lamellar peazrlite. 
Because of this fact, it was suggested in the paper that direct spheroidization, if it could 
be accomplished by isothermally quenching at a high temperature and for a short time 
to produce a coarse spheroidite, would be a decided commercial advantage. 

With respect to the size of a bar of malleable iron which can be isothermally quenched, 
we can say that 1'-in. round bars-have been quenched at temperatures below 800° F. 
and gave fairly uniform microstructure over the cross section. 

We are greatly obliged to J. H. Lansing, of the Malleable Founders’ Society, for 
presenting our paper at the 48th Annual Meeting while the authors were unavoidably 
absent. We thank Messrs. Lansing, Forbes and Tamor for the attention they gave 


this paper. 
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Studies On Bore Cracks in Flanged Fittingst 
By JosepH A. Duma* anp STANLEY W. Brinson*, PorrsMouTH, VA. 


Abstract 

The paper records a systematic study of the effect of various mold- 
ing, thermal, and design factors on the formation of the widely publicized 
bore cracks in flanged castings. Not all flanges are vulnerable to bore 
cracking. It is stated that there is a definite minimum thickness of 
flange and a definite minimum thickness of wall, both in proper relation 
to each other, above which bore cracks rarely occur. Unfortunately, 
these thicknesses and ratios lie outside of the industrially usable range. 
The influences which tend both to suppress and to accentuate bore 
cracking are listed. Several methods of dealing with these cracks are 
discussed. The probable mechanism of bore-crack formation is also 
described. 

INTRODUCTION 

1. The issuance of directives by the Navy Department, early in 1943, mak- 
ing mandatory the inspection of bores in all main steam line flanged fittings 
and valves by means of magnetic particle inspection apparatus, resulted in 
revealing to foundrymen the presence of one more vulnerable location in their 
castings; a location containing defects which hitherto had been utterly escaping 
the three-dimensional scannings of radiographic inspection. Most perturbing 
of all were the high percentage of castings found containing this defect and 
the universality of its occurence. True, not all foundrymen registered surprise 
when the seriousness of the defect was announced by the Navy. In fact, those 
who had been founding for years were not only aware of it, but were circum- 
venting it by the use of external chills molded into the core, in a manner 
analogous to that outlined by the Navy Department in Bureau Ships Sketch 
2527 of January 15, 1944, which is representative of the best current practice. 

2. The defects to which reference is made are circumferential bore cracks 
in way of flanges. In these introductory paragraphs, the term “bore cracks” is 
used advisedly, in the dictionary sense, meaning: a chink or fissure; a partial 
separation of the parts of a substance. Later, a more restricted, technical defi- 
nition will be given. 

3. Because of the comparatively shallow depth (1% to ¥% in.) of bore cracks, 
as well as their tightness, location and perpendicularity, radiographic tech- 
niques have failed to detect them. One interrogatively wonders: For how 
many years, unnoticed by the field inspection agencies, have these defects been 
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“stowawaying incognito” into service? And, finally, what potential harm j 
resident in them? 

4. The prolific and widespread occurrence of bore cracks under a multi- 
plicity of varying founding conditions led the authors to believe that thei 
formation could scarcely be attributed to any single item of foundry practice. 
or foundry equipment, material, or melting procedure, but rather must neces. 
sarily indicate an inherent vulnerability in section design. To verify this belief. 
some 80 experimental spool-type castings were made, each designed to test a 
single variable at a time. ‘The most important of the variables studied in mak. 
ing these castings are described in the sketches and photographs in the body of 
the paper. 
Test Specimen 

5. Preliminary study of several designs of flanged castings found a “spool” 
type of specimen of the form and size shown in Fig. 1, Plate 1, as being most 
susceptible to bore cracking, engendering bore cracks consistently and regularly 
in every instance of duplicate testing. The most critically related dimensions 
in the design are the flange-wall thicknesses. This specimen was, therefore, 
adopted as a standard for most of the tests. 


METHOD oF TESTING 


Molding 

6. All specimens were molded by the same molder in green sand mold, 
using a green sand facing and—except where otherwise noted—cores of the 
following mixtures: 


(a) Green Sand Facing Mixture 
Cape Henry Beach Sand No. 40-50 500 Ib. 
Bentonite* 30 Ib. 
Cereal Binder* 8% Ib. (5 qt.) 





Water (3.2 to 4 per cent meisture) 30 Ib. 
Physical Properties Green Dry 
Permeability 400 600 to 750 
Compression Strength, psi. 7 42 to 57 
Shear Strength, psi. 3 19 to 24 
Tensile Strength, psi. 4 to 24 


(b) Core Sand Mixture 
Jersey Silica Sand No. 60 


112 qt. (360 Ib.) 


Cereal Binder 1 qt. 
Linseed Oil 2 qt. 
Water (6.5 to 7.0 per cent moisture) 26 at. 
Physical Properties (3% hr., 475° F.) Green Dry 
Permeability 70.90 130-210 
Compression Strength, psi. ooe™ tao 
Shear Strength, psi. Coee en 154-187 
Tensile Strength, psi. 2.9-3.6 97-107 
Hardness 76-86 


*Trade names of products used may be obtained from the authors. 
**Too weak, below capacity of machine. 
***Too strong, above capacity of machine. 








INGS 


Mm is 


ulti- 
their 
tice, 
PCeS- 
lief, 
est a 
nak- 
ly of 


00!” 
most 
larly 
sions 


fore. 


olds, 


the 


]. A. Duma anp S. W. Brinson 1219 























Figure | 
as 
6 
19° 
THe=# 
---===4- >>> od 
sh |} 
SS al Loe) mee 















































54 
' 
a 














Pf------ 
J 
Pe <> om pee 


























* 
5 

Piare 1—Dimensions, GaTiInG AND Riserinc or Test Specimens. Fic. 1—Stanparp “‘Spoor’’ Test Speci- 
MEN. Fic. 2—Comparative Test Specimen. Txis Specimen Was Discarpep tn Favor or Fis. 1. 


Steel 

7. A plain carbon, basic electric steel was used in the tests, conforming to 
the physical and chemical requirements for Grade B, N.D. Spec. 49S1. Several 
castings of 20-10 austenitic nickel-chromium corrosion resisting steel and of a 
low alloy manganese-nickel-copper steel also were made. Specifically, the 
chemistry of the steels used to make the castings illustrated in Plates 2 to 8, 
inclusive, is reported as follows: 








Test Chemical Composition, per cent 
Number C Mn P Ss Si Ni Cr Cu 
1-4 0.27 0.61 0.02 0.02 0.33 0.25 0.16 
1-2 0.11 0.67 0.02 0.01 0.89 10.12 20.46 

1-2 0.24 0.94 0.02 0.02 0.44 1.04 0.05 0.52 
5-8 0.27 0.64 0.02 0.02 0.34 0.14 0.13 
9.12 0.24 9.62 0.02 0.01 0.41 0.13 0.15 
13-16 0.24 0.54 0.02 0.02 0.29 0.10 0.17 
17-20 0.25 0.60 0.02 0.02 0.37 0.14 0.16 
20-24 0.23 0.61 0.02 0.03 0.26 0.17 0.15 
25-28 0.22 0.51 0.02 0.02 0.36 0.14 0.12 
29.32 0.26 0.64 0.02 0.02 0.32 0.08 0.11 
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VARIABLE Resucts or Tests 
Sxetcn or Specimen Strupp Snowrnc Location or Bore Cracks 


Test No. 5 





























-|-++ > > Risering and Gating 
hi Same as Test No. 
/ 1 1, except single 

1 4 flange 

' i a ee 

4-\+-====—= 

















rest No. 6 








aK eo ee Risering and Gating 
Same as Test No. 
2, except single 

































































| 
flange. 
! +— — —- —-— — = — — = = 
| | 
} 
Test No. 7 
Risering and Gating | 
Same as Test No. 
Le f- — — — — ~ ~~ ~ ~~ — 3, except single 
flange. 
Test No. 8 5 - 








— 








—_....a se Risering and Gatinz 
: Same as Test No 
: 4, except single 
flange 





























Pirate 3—Ineituence or GatiInc AND RiserInc OF SinGLE-FLANGED Firrincs ON Bore CRackING. 


oC 











J. A. Duma anp S. W. Brinson 1223 


Inspection for Cracks 

8. Each spool casting was sand blasted, ground smooth in the bore in way 
of the flanges, and magnetic powder tested for cracks. The periphery of all 
bores was prod-contacted at four points, 90 degrees apart, and magnetized with 
1000 amperes rectified alternating current supplied from a rectifier unit. Pearl 
cray powder was dusted on while the current remained on. In addition, several 
flanges were burned off and sectioned for metallographic examination of cracks. 
The corrosion resisting steel spools were ground clean and kerosene-whiting 
tested for cracks, using a dyed penetrant and an aerosol-water solution of 
powdered chalk. 

Discussion oF RESULTS 

Gating and Risering 

9. Four different locations for gates and riser placement were tested, as 
shown in Plates 2 and 3, for their effect upon bore-crack formation. All four 
locations have been observed in use at one time or another in foundries. Because 
of the high directional temperature gradient obtained, the method of gating 
and risering shown in Fig. 1, Plate 1, was adopted as standard for making 
flanged fittings at the yard. All of the test specimens shown in Plates 4 to 7, 
inclusive, were made by this method. 


10. No correlation was found between any one system of gating and risering 
technique and the consequent location and extent of bore cracks. In the 
majority of instances, cracks were found almost completely around the circum- 
ference in one and almost half way around the other of a pair of flanges. It 
might be added that the cope metal appeared to be more prone to tearing than 
the metal in the drag, especially when the castings were gated through the 
risers (Plates 10 and 11). 


Mold Stress Relieving 


11. In this connection, it was believed that the tendency toward hot tearing 
could be considerably diminished if the resistance offered by the mold to the 
contracting casting were sufficiently lowered. Accordingly, Tests 1 to 4 were 
repeated with one flange left off, as shown in Plates 3, 10 and 11, to permit 
the tube wall to pull in freely toward the one flange, unhindered by restraint 
from shoulders in the sand mold. The results obtained were surprising. Veins 
and bore cracks equally as severe as those produced in Tests 1 to 4 appeared in 
each of the four specimens. 

12. Other stress-relieving methods (Tests 18, 19 and 20) also failed to 
lessen bore cracking. Test 18 employed pull-out boards set up vertically 
directly in front of and parallel to the flanges and risers. Immediately after 
pouring the boards were drawn out, thus enabling the sand in between the 
shoulder-obstructed extremities of the casting and the board cavity to collapse 
by cracking under the action of contraction stresses. Test 19 sought to reduce 
mold resistance by the employment of a fine-grained core sand mixture which, 
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by reducing interpenetration of metal into sand interstices, would tend to 
reduce the grippage of one upon the other. Test 20, Plates 5 and 12, is unique 
in that it sought to eliminate as much as possible the effect of core friction by 
dispensing with the use of the central portion of the core. Bore cracks were 


Desicn Features Resvutts or Tests 


Test No. 21 





Test No. 22 


Test No. 23 





Test No. 24 





Test No. 25 





*% Fin 1/16” wide x 1/8” high 


Piate 6—InrLvence or Desicn on Bore Crackino. 
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found in all of the castings comprising this run of tests. The results of these 
tests would seem to indicate that the magnitude of mold resistance necessary 
to produce bore cracks is probably of a small order, as evidenced by the pres- 
ence of bore cracks in castings employing as short a length of core, exclusive of 
the print, as 6 in. 


Chilling 

13. Tests 9 to 15, inclusive, show the influence of various chilling agents 
upon the formation of bore cracks. Chills on all castings but one were applied 
externally by molding them into the core in way of the flanges. The mildest 
chillants applied were a bentonite-bonded green sand of A.F.A. Fineness No. 40, 
and Grade A’ zirconite sand. The former, according to Briggs and Gezelius’, 
has a significantly higher heat transference rate than the finer grained sand 
(A.F.A. Fineness No. 60) which is this foundry’s standard base for steel cores, 
while the latter not only possesses a still higher chilling power, due to its 
greater heat conductivity, but also has less than 1/3 of the thermal expansion 
of silica sand. The effect of other increasingly more potent chillants was like- 
wise studied, namely, carbon (Test 11), semi-metallic mixture of 50:50 sand- 
steel shot (Test 12), nail heads (Test 13), and full metal chills (Test 14). 
As previously stated, one casting was fitted with an internal ¥%-in round wire 
chill in each flange, positioned in the plane where circumferential cracks were 
most likely to occur. 


14. It is apparent from the results of the chilling tests that the action of 
only two chillants, namely, full metal chills and the 50:50 sand-steel shot mix- 
ture, was sufficiently severe to prevent bore cracking. Carbon chills of the 
design used in these tests are decidedly unsatisfactory. They not only cause 
severe longitudinal cracking of the metal along both long edges, but also serve 
to form numerous hard spots as a consequence of high carbon absorption by 
the metal. Semi-metallic chills employing granulated: steel shot, though effec- 
tive in preventing bore cracks, produce a very rough and deeply pitted surface 
(Plate 13). The dressing up of this surface by grinding often requires as much 
time and effort as is consumed in the excavation of the bore cracks. Inci- 
dentally, the elimination of bore cracks with semi-metallic chills is accomp- 
lished in part by early strengthening of the metal by chilling action, and in 
part by breaking up high local stress centralizations by providing many instead 
of a single or limited focal points for its action. Aside from insensibilizing the 
surface to notch effect, roughening also increases the effective surface area, and 
hence the cooling of the metal. 


Retarded Cooling 
15. Not to overlook the effect of the reverse action, heating or retarded 


+ Pamphlet published Titanium 7 wag Niagara Falls, 4 
Briggs, C ~,, R.A Setting mt on Solidification 1." Contraction in Steel Castings— 
we Tisssy" ate of Skin Formation * TRANSACTIONS, American Foundrymen’s Association, vol. 43, pp. 274 
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cooling, Tests 16, 17 and 46 were made. In Tests 16 and 17, instead of 
chilling the metal in way of the flanges, additional heat—evolved from the 
exothermic reaction of the anti-piping compound material inlaid on the core— 
was applied to retard the normal rate of cooling of the metal. Examination 
of the test castings (Plate 14) disclosed, in the case of Test 16, a noticeable 
diminution in the extent of bore cracking, while in the case of Test 17 no 
reduction was noted. There was a greater roughening of surface metal in the 
former (Test No. 16). A greater proportionate quantity of anti-piping was 
likewise used in making the core for Test 16. Whether the roughening, or the 
greater quantity of heat evolved, or both, account for the reduction of bore 
cracking in the one over the other is not known. 


16. Both of the foregoing preparations are difficult of application without 
peeling, spalling, or cracking of the coating. 

17. Test 46 employed atmosphere control in the mold, using propane gas 
after the manner of Dietert'. The gas was ignited 5 min. prior to pouring and 
continued burning until 5 min. after pouring was completed. In the period 
preceding pouring, the surface sand in the mold cavity attained a minimum 
“tempil” temperature of 200° F. Preheating the mold in this, or in a similar 
manner, does not abate cracking. The only discernible difference between 
retarded cooled and normally cooled castings is in the location of the cracks. 
Those in the retarded cooled specimens are consistently displaced further back 
into the bore, almost into the plane of the back face of the flange. This same 
displacement was also. noted when the heat at the flanged ends was derived 


Prate 9—Spoot Frirrinc, Lonc Barret, Two MetHops or GaTinc AND RIsERING 


1 Dietert, H. W., Doelman, R. L., and Bennett, R. W., ““Mold Atmosphere Control,” TRANSACTIONS, 
American Foundrytnen’s Association, vol. 52, pp. 1053-1077" (1944). 
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Piate. 10—Top—Sinore-Fiance Firrincs, SHowinc Powper INDICATIONS IN Bore. Pirate 11—Botrrom— 
Sincie-FLance Frrrincs, SHow1NG Veins in Two DirrereNtLy GaTep AND RisERED SPECIMENS. 


from internal and external pads of metal, as illustrated in Tests 24 and 21, 
respectively. 

18. Last but not least, Test 47 was executed in order to prove that bore 
cracks were neither associated with, nor caused by core cracking. Instead of 
using a single continuous length of core, two separate pieces, one long and one 
short, were made and independently set in the mold, each butting the other 
in a closed (not pasted) butt joint. The joint made up approximately in the 
location where bore cracks occur. Bore cracks, with the characteristic veining 
associated with them, developed under both flanges. The line of failure and 
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veining followed its own course without appearing to have been either attracted, 
repelled, or in any way influenced at any point by the plane of separation jp 
the core. 


Design 


19. Plate 6 illustrates five different designs for flanges, each succeeding the 
other in the order of their conception and manufacture. Two of the designs 
avail themselves of added metal in external and internal padding (Tests 21 and 
24): and two, of subtracted metal contoured in the shade of a bell’s mouth 

Test 22), and a shallow “U” groove (Test 23) whose depth is within the toler. 
ance range of fairing allowed for excavation without subsequent filling. Test 25 
utilized a notch 4-in. deep cut in the core, which resulted in the formation of a 


fin simulating a vein in the location where vein-capped bore cracks ordinarily 
occur. 

20. Of the padded designs, the pad in the bore gave the better results. The 
external padding merely shifted the plane of cracking further back into the 
bore without apparently affecting either the lineal dimensions or depth of the 
crack.- In the case of the bore padding, the depth of the cracks descreased to 
less than ™% in., and the entire crack was found lifted from the wall into the 
pad itself, as shown in Plate 15. The results obtained with the bore padding 
were checked on several castings for consistency. In all instances, bore failure 
was confined wholly to the padding. 


Pirate 12—SHowrnc Powper InpicaTions in Firrincs — Lerr — Havine No Center Core — Rioxt— 
“*U-Groovep”’ Desicn tn Bore. 
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Pare 13—Top—Macnericatty Testep>—A—Nam Heap Cumuno, B—Semi-Mertariic CHiccine. ‘Nore 
Crack IN A. 


Pure 14—Borrom—MAGNETICALLY Testep—A—ANTI-Preinc Compounp No. 1 APPLICATION, B—ANTI- 
Pipinc Compounp No. 2 APPLICATION. 
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Pirate 15—Maconeticatty Testep, Partiacty Cuippep, INTrerNaAL Pappinc 1x Bore. Nore Crack In Pw 
AND Nor in Barret Arrer CHIPPING. 


21. The-localization of the cracking in. the padding proper rids the casting 
of its defects upon removal of the padding. Pad removal from the bore is 
accomplished expeditiously either with chipping or machining. This is much 
easier and less time consuming than the excavations performed on the unpadded 
bore, or in the use of chills after the manner of Test 14. As of now, in the 
author’s opinion, padding is the most effective way of dealing with bore 
cracks. Whether the same efficacy of results will obtain elsewhere is depend- 
ent upon the depth of currently occurring cracks. Deeper cracks than -those 
encountered in the subject tests may require slightly thicker padding, and 
vice versa. : 

22. Of the two subtracted metal designs, the bell mouth gave the sounder 
metal. However, this design has the disadvantage of lower mechanical 
strength. Furthermore, it increases the cost of making core boxes and com- 


plicates the making and the accurate setting of cores. 


23. Concerning the grooved bore, the re-entrant recess forming the groove 
creates a hot-spot condition which is wont to invite cracks. From the design 
standpoint, it, too, is unsatisfactory, for it interrupts the smooth transmission 
of tensile stresses, causing them to hump under it and thus raising them to 4 
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high, unsafe value in the area of the root. It will be recalled that it takes but 
a very small value of stress to rupture steel at the high temperatures at which 
hot tears occur. 

24. Notching the core, as was done in Test 25, had no effect upon either 
localizing or diminishing the extent of bore cracking. If the veins which are 
associated with bore cracks are instrumental in their formation, then a fin 
artificially produced to simulate a vein in the region of the rupture line should, 
in like manner, serve to localize the failure within itself. Such was not the 
case, for the fin had not the slightest visible effect upon the phenomenon 
studied. Veins formed as usual alongside and across the fin as though it 
were not there. 


Influence of Geometry 
25. Preliminary tests run on different designs of fittings showed that not 
all of them were subject to bore cracking. It was noted that the wall-flange 
thickness ratio exerted a manifest effect on the extent of bore cracking. 
Accordingly, the following geometrical relationships were studied: 
(a) Wall thickness maintained constant at ¥%, 1, 11% and 2 in., flange 
thickness was varied from 2 to 442 in. (Tests 26-40). 


(6) Flange thickness maintained constant at 2, 1, 2, 4 and 4% in., 
wall thickness was varied for each from Y2@to 2 in. (Tests 26-40). 


“es 
¢ 





Pate 16—Macnericatty Testep, SHowrnc Dirrerent THicknesses oF FLANces (Tests 33, 26, 32, 27). 
Note Powver INpIcaTions. 
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Pirate 17—Crose-Up View or VEINING. 


(c) All elements remaining constant, flange height was varied from 

15to 17 in. (Vests 41 and 42). 

(d) All elements remaining constant, length of barrel was varied 

from 24 to 72 in. (Tests 28 and 43). 

(e) Bore diameter was varied from 2 to 36 in. (Tests 44 and 45). 
26. The results of geometry factors are summarized as follows: 

(1) With flanges 2 to 1-in. thick, but thinner than the wall, longi- 


tudinal cracks developed in the drag half the full length of the 
fitting. The thinner these flanges for a given wall thickness, the 
more pronounced were the longitudinal cracks. 

(2) With flanges 2 to 1-in. thick, affixed to bodies of equivalent 
wall thickness, a slight tendency to longitudinal cracking still re- 
mained. The prevailing type of failure, however, was a severe circum- 
ferential cracking both inside the bore and outside in the flange fillet. 
(3) With flanges 1 to 24%-in. thick, conjoined to bodies having 2 
to 4% the thickness of the flange, the fittings developed bore cracks 
almost the full perimeter of the bore. 

(4) With flanges 14% to 4¥%-in. thick, fittings which had compara- 
tively heavy wall thicknesses, ranging from 1¥/2 to 2-in. thick, showed 
almost complete freedom from bore cracks, while those which had 
thinner wall thicknesses, ranging from 2 to 1-in. thick, developed 


partial cracking of the bore. 


Influence of Chemistry 

27. In this study only three compositions of steel were investigated (para- 
graph 7). All three exhibited bore cracks, the austenitic steel—much to the 
authors’ surprise—more so than the other two (Plate 18). Although no test 
castings were made of carbon-molybdenum steel, it, too, is vulnerable to bore 
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cracking. Abundant evidence of their occurrence in this kind of steel is con- 
tained in our inspection files on magnetically tested fittings made in the course 
of production. 

28. Lutts and Hickey’, who made a statistical study of bore cracks on 
hundreds of flanged castings, concluded that chemistry has a definite influence 
on bore cracking. Not having made a large number of castings of either a 
particular design or composition, the authors advance no comment on this 
point. 

Mechanism of Formation 

29. Solidification is a continuously changing phenomenon, showing in its 
early stages the simultaneous existence of dissimilar states of matter in dis- 
similar thicknesses of multi-thickness castings. If the progress of solidification 
and cooling could be arrested but for only a moment for scrutiny at the instant 
when the last liquid metal in the wall of a flanged fitting had frozen solid, the 
condition of the metal obtained in the wall-flange juncture would approximate 
in appearance that developed in Plate 20. Study of this sketch, together with 
Plates 18, 19 and 21, discloses the following pertinent facts relative to the 
mechanism of bore cracking: 





Pare 18—Fiance-Watt Cross Section, Corrosion Resistinc Street. Crack Is in Encirciep Area. 
Nore tHe Orientation oF Primary GraiNs AND THE SHARP MippLte Line IN THE Watt Wuicu Divipes 
Oursipe From Insipe CrysTaLuizaTion. Macroercnep in HCl-HNO,. 


*Lutts, C. G., and Hickey, J. P., 2a Low Carbon Steel for Castings,’’ Transactions, American 
Foundrymen’s Association, vol. 52, pp. “912 (1944). 
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SHowine Tyricat Bore Crack, MAcrortcHEeD wirn 10 Per Cent AMMONIUM PeRrsuLPHAtTR Sort 
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Pure 20—SketcH SHOw1nc PropaBLe CONDITION OF METAL IN THE FLANGED ENp oF Two DIFFERENT 
Castincs, Approx. 1 To 1% Min. Arrer Pourinc. Cross-Hatcwep Areas Represent Soumiriep MeTAL; 


Biank Wuirte Areas Represent Ligum METAL. 


(1) At the instant under consideration, the thinnest shell of solidified 
metal in the wall-flange cross section is located approximately mid- 
way between the center and back face of the flange. The following 
influences deterred thickening at this point: 


(a) Excessive heat from the large volume of metal (latent 
heat of fusion equals 100 Btu. evolved per Ib. of steel frozen, 
the outflow of which determines the rate and direction of 
solidification ) . 

(b) High volume to surface area ratio (approx. 1 cu. 
in./sq. in. as against 0.25 cu. in./sq. in. in the wall). 

(c) Lower cooling capacity of the core as compared with 
that of the green sand in the mold. 

(d) Corners’ effect (entrant and re-entrant) which dis- 
placed the point of slowest cooling in the direction of the 
re-entrant angle. 


(2) It necessarily follows, after the manner of a corollary, that the 
location of the thinnest wall metal is also the location of the hottest 


metal. 


(3) The dendritic form of solidification leaves interdendritic chan- 
nels perpendicularly oriented with respect to the walls of the con- 
tainer. The normal disposition of the peripheral dendrites shown in 
the macrostructure of Plates 18 and 21 makes for weakness across 
the grains. i 

(4) Weakness of the section at this point is ostensibly due to thin- 
ness of section, hotness of metal, unfavorable orientation of crystal- 


lographic planes. 
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Bore CRACKS IN FLANGED Firtiygs 


9) Weakness of the section constitutes only one-half of the caus 
for bore cracking. The other half of the cause are the stresses ep. 
gendered in the process of solidification, namely: 

(a) Hoop contraction stresses. 
(6) Longitudinal contraction stresses. 

6) Conversely, the core expands circularly and lengthwise, thy 
bucking the foreshortening and enclosing of the casting. 

7) The hindrance offered the casting by the expanding core is pro. 
ductive of multi-axial tensile stresses in the casting of a sufficient 
order of magnitude to tear the casting either longitudinally or cir. 
cumferentially of the bore, depending on the geometry of the flange 
section which, in turn, governs the location of the weakest metal. 


30. Any explanation of bore cracking must also account for the appearance 
of the veins (Plate 17) which are associated with bore cracks. The following 
observations on veining will prove helpful in explaining their formation. 

(1) Veins are ridges of carbonless iron admixed with slag running 
alongside bore cracks (Plates 21 and 22). 


(2) Bore cracks are seldom found directly under the veins. They 
usually are located immediately in front of and at the foot of veins, 


(3) The external form of veins is rarely symmetrical. They have 
the appearance of having been slightly rolled back, while still hot, 
by the relative movement of casting and core. 

(4) Not all veins conceal cracks (Plate No. 24). 

(5) Wide, gaping tears seldom exhibit veining. 

(6) The metal bordering bore cracks almost always shows some evi- 
dence of decarburization. Not infrequently, tag ends and stringer 
of elongated inclusions are apparent in charinels of ferrite. The 
lenticular character of inclusions at the mouth of tears is most signifi- 
cant. It would appear that capillary flow of metal through a tight 
crevice produced this extension of non-metallics. Subsequent freez- 
ing trapped them in situ while en route to the outside. 

(7) Cracking of the core, if any does take place, is not productive 
of veins. Test 47, employing a core cut in two in way of the flange, 
and with both ends abutting each other, showed no vein over the 
interface. However, veins did form, uninfluenced by the core crack, 
in a location of their own choosing. 


31. Based on the foregoing observations, the following explanation of bore 
cracking is tendered provisionally, and is subject to alteration or amendment 
whenever the observations of others appear inexplicable or irreconciliable with 
its views. 

32. Bore cracks are hot tears which are formed early in the solidification 
of steel by multi-axial stresses, predominantly tensile in character, arising prin- 
cipally from the thermal contraction of a differentially cooling steel casting 
onto an enclosed and expanding sand core. By reason of mold restraint, these 
stresses are transmitted across the cross section of the barrel to the fulcrum of 
the stress system, viz., the face of the flange. The ability of the hot metal in 
the area under the flanges to transmit these stresses at the instant the thinner 
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TIN 
caus wall of the casting has completely solidified is inadequate, and, therefore, pro- 
eS ef ductive of failure. Limiting the depth of propagation of failure inwards is 
the solid-liquid interface. 
33, Veins are extrusions, apparently of capillary origin, of iron (decar- 
burized steel) and iron oxide. Physical forces set up in solidification, such as 
thus internal gas pressure and contraction effects, also can influence the movement 
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Bore CRACKS IN FLANGED Fittings 
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of the remaining liquid of low melting point through these cracks. The prob- 

able source of the iron and iron oxide is explained as follows: 
Contemporaneously with the hot tearing of the metal, oxidation of 
the steel by the oxygen contained in the mold gases asserts its action. 
In the initial stages of this reaction, carbon is preferentially attacked 
before iron, leading to decarburization of the fractured surfaces, and 
then of the capillarily flowed metal. The iron is next attacked, result- 
ing in the formation of iron oxide, which, as the photomicrographs 
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show, is found admixed with the iron in the vein and also adhering 
to the sidewalls of the crack. 


Slight local reaction must, of necessity, exert slight local effects. Oxidation of 
the carbon (decarburization), therefore, must raise the melting point of the 
decarburized steel to that of pure iron, while the oxidation of the iron (slag- 
ging) must evolve heat of formation of iron oxide. The former action would 
tend to immobilize the bleeding metal, whereas the latter would tend to raise 
the temperature of the slag, thereby rendering it more fluid and more pene- 
trating of the sand. Conditions being favorable, it is thus possible for cracks 
to close themselves completely by feeding of filler metal from the interior. 
Attesting to this fact is the occasional absence of cracks under some veins. 


SUMMARY AND CONCLUSIONS 


34. Bore cracks are hot tears which occur on the inner surface of the heav- 
ier of two dissimilar sections conjoined perpendicularly with one another. They 
differ from those commonly found in fillets and re-entrant corners of sharply 
dissimilar sections in that they have narrower width and are always capped 
with metal veins. 

35. The geometry of section most favorable for the development of bore 
cracks is one having a flange-to-wall-thickness ratio of approximately 2 to 1, 
with a value for the latter of less than one in. (paragraph 26). 

36. From these experiments it appears that in order to overcome bore 
cracking either the stresses impressed upon the casting must be sufficiently alle- 
viated, or the metal hot-strengthened compositionally, or with chilling, or wall 
thickening. As of today, there are two practical methods in use in this 
foundry for overcoming bore cracks: chilling of the metal in way of the flange 
with metal chillers after the manner of Test 14, Plate 3; bore padding of the 
metal in way of the flange in the manner shown in Test 24, Plate 6. The 
second method merely lifts the bore cracks into the pad, which is subsequently 
removed. Other less effective methods are shown in Tests 16 and 12, Plates 
5 and 4, respectively. 


DISCUSSION 

Presiding: T. N. ArmstTRONG, International Nickel Co., Inc., New York, N. Y. 

CHAIRMAN ARMSTRONG: Mr. Brinson, can you tell us how to avoid bore cracks? 
Some of your sketches showed that there were no bore cracks present. 

Mr. Brinson: I cannot, but we have found that, from 2 in. up to 15 or 18 in., the 
size of the bore has nothing to do with bore cracks, but we believe that the relation 
between the wall thickness and the flange thickness will affect the condition. 

E. C. Troy’: We have found, when changing wall-flange relations, that while the 
first sample might be free of cracks, the second sample often showed the defect. 

Mr. Brinson: We had no exact duplications. However, we have not had time to 
investigate all of the conditions we encountered. 


‘Dodge Steel Co., Philadelphia, Pa. 
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Mr. Troy: What is your objection to chilling as a routine method of overcoming 
bore crack difficulties? 

Mr. Brinson: In this particular test, we were willing to try everything. We are, 
at the present time, using chills as a means of overcoming the difficulty from a ductilit, 
point of view. We do not necessarily believe that it is a cure. Chilling has to x 
watched just the same as anything else. I had some experience with chilling a larg 
15-in. battleship fitting about 12 yr. ago. We got the bore crack and we did not know 
what it was. We tried chilling, and the crack just moved down about 15 in. to the 
end of the chills. Then we started in staggering the ends of the chills and succeeded 
in removing the crack, so we do know that chilling is a remedy. 

H. F. Taytor’?: The Naval Research Laboratory has made at least 1000 experimental 
castings on this job and can verify about 90 per cent of what Mr. Brinson has said. 
As Mr. Lutts* points out, the low-carbon steel with increasing manganese content seems 
to cut down the incidence of this defect. We looked into that quite carefully and find 
that it is true that as the manganese increases, the incidence and magnitude of this bore 
crack becomes less and less. We have found that it takes from 3 to 4 per cent man- 
ganese in a low-carbon steel to eliminate this condition. We also have made expen- 


ments which indicate that stainless steels are relatively free from this trouble. 


Mr. Duma: We have concluded tentatively that bore cracks are hot tears formed 
early in the solidification of the casting by stresses, multi-axial stresses, which are pre- 
dominantly tensile in character. The stresses are generated by the casting contracting 
onto an expanding core, and the failure takes place at the weakest spot, which weakest 
spot happens to be the location shown in the photographs and sketches. It is off center, 
drawn from the center line of the flange inwards by the slower-cooling reentrant corners, 
and if we could plot the solidification curve in that section one min. after pouring, we 
probably would find that the thinnest cross section of hottest solidified metal would be 
located exactly at this point. In the presence of an oxidizing atmosphere in the mold, 
oxidation of the torn surface occurs, the oxide and molten metal bleeding out into the 
bore and forming a vein which caps the entire length of the crack. 

Taking that as a tentative theory, I believe that I can explain why Mr. Lutts’* man- 
ganese additions have tended to suppress the formation of bore cracks. Low-carbon 
contents have raised the solidification point of the steel considerably and, in addition, 
manganese has imparted hot strength to the metal. These two physical facts serve to 
strengthen the metal sufficiently to resist tearing as it passes through its critical tearing- 
temperature range. 

Regarding Mr. Taylor’s observation on the relative freedom of stainless steels from 
bore cracks, we have noted to the contrary that they (18 per cent chromium—8 per cent 
nickel) are almost equally as prone to the defect as is medium carbon steel, developing 
cracks equally as deep and exterior veining equally as prominent. 


2Naval Research Lab., Anacostia Sta., Washington, D. C. _ 
*Lutts, C. G., and Hickey, J. P., “Special Low-Carbon Steel for Castings,” Transactions, Amet 
Foundrymen’s Association, vol. 52, pp. 904-912 (1944). 
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Design of Test Coupons for Cast Steelt 
By R. C. Wayne*, H. F. BisHop* anp H. F. Taytor*, Wasuinoton, D. C. 


Abstract 

Several test coupons of various designs were cast in steel, and their 
relative merits in producing satisfactory blanks for tensile tests were 
compared on the basis of mechanical properties and economy of yield. 
Coupons of the cloverleaf type in which the tensile blanks are spaced 
around a central section not only give properties equal to or better than 
those of other more conventional types, but require much less riser metal 
per specimen. The blanks may be readily removed by a cold saw or 
torch. The use of necking cores for facilitating removal of blanks from 
coupons was investigated and showed some promise of utility. The 
meaning and limitations of coupon testing are discussed briefly. 


INTRODUCTION 


1. The object of this work was to develop a test coupon for cast steel to 
meet the following requirements: 

(a) Soundness: The specimen blanks must be uniformly sound with- 
out centerline shrinkage or other defects attributable to the 
mold design. 

(b) Ease of Molding: The pattern must be simple and readily 
molded. 

(c) Ease of Cleaning: The design must be such as to produce a cast- 
ing which can be easily cleaned and from which the specimen 
blanks can be readily removed. 

(d) Metal Economy: The test coupon should contain the least metal 
compatible with requirements a, b, and c. 

2. The chemical composition of a heat of steel may be well within specified 
limits, but the steel may not have expected physical properties due to such 
variables as deoxidization or melting practice, which would make sampling 
desirable as a check on metal quality. The sample of molten metal is cast in 
the form of so-called coupon castings, from which specimen blanks are re- 
moved. Often several coupons are taken during pouring of the heat to check 
the uniformity of the metal during that period. 

3. It should be emphasized that the properties of the coupon are not 


+Published by permission of the Navy Department. 
*Steel Castings Section, Div. of Physical rey Naval Research Laboratory. } 
Nore: This paper was presented at a peapertes of Steel Castings Session of the 48th Annual Meeting, 
American Foundrymen’s Association, Buffalo, N. Y., April 27, 1944. 
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necessarily (and usually are not) the same as those of test pieces randomly 
removed from castings poured with metal from the same ladle’. Gross shrink. 
age, centerline shrinkage, sand spots, surface defects, etc., as influenced by 
pouring practice, mold design, molding practice and gating and risering, may 
occur in various locations with varying degrees of severity. The integrity of 
the castings themselves must be determined by means other than coupon test- 
ing; coupon testing answers only the question of metal quality, not casting 


quality. 

4. Since coupon testing is a criterion of metal quality only, it is desirable, 
in order to have a consistent standard of comparison, that the design be such 
that the maximum physical properties of the metal being tested are obtained 
consistently in the coupon. For example, if the design of the coupon provides 
only borderline feeding conditions, differences in pouring temperature could 
result in solid test blanks at one time and porous blanks at another time. 
Shrinkage of such microscopic nature as to be invisible after deep etching or 
detectable by radiography may, nonetheless, seriously lower ductility values. 
Cherefore, it would seem desirable that a well-designed test coupon be made 
standard throughout the steel castings industry. Such a coupon should con- 
form to the requirements stated as a, b, c, and d (paragraph 1). Some work 
has been done in England in an effort to standardize a suitable rosette type 


of coupon for sampling cast steel?. 


EXPERIMENTAL WorK 
5. Six different basic patterns were studied, and steel of the approximate 
composition, 0.25 per cent carbon, 0.60 per cent manganese, and 0.45 per 
cent silicon, was used for all tests. The steel was melted in a basic-lined 
induction furnace and deoxidized with 0.10 per cent of aluminum before 


pouring. 


Pattern Types 

6. Patterns for some of the test coupons used in this investigation are 
shown in Figs. 1 through 6. Pattern 1 is a conventional type and provides 
only two tensile blanks. Pattern 2 is a test piece frequently used at the Naval 
Research Laboratory in experimental work when a large number of tensile 
specimens are required. This coupon provides 14 tensile blanks, but as many 
as are required can be added. Pattern 3 is somewhat similar to pattern 2, 
but has only eight tensile blanks and a comparatively small riser. Pattern 4 
is a type often used commercially; two tensile specimens and a bend specimen 
can be obtained from it. Patterns 5 and 6 are other designs which depend 
upon a blind riser to feed the blanks. The latter two patterns are designed 
for easy removal of the blanks from the coupons. 


Pouring 
7. In order to minimize variations in properties arising from pouring the 


1 Superior numbers refer to bibliography at the end of this paper. 
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coupons separately, the six different patterns were molded in one flask ang 
poured through a single downgate with runners leading to the individual 
cavities. Figure 7 shows the mold incorporating the six test coupons, and 
Figs. 8 and 9 are cope and drag views of the castings as removed from the 


mold. 


Heat Treatment 

8. Three specimens were sawed from each coupon except from pattern |. 
which provided only two specimens. The specimens were normalized from 
1700° F. (925° C.) and tempered at 1200° F. (650° C.) followed by air 
cooling. After heat treatment, standard 0.505-in. diameter shoulder grip tensile 
test specimens were machined from the blanks. 


Density 

9. Density determinations were carried out on machined tensile specimens. 
After thorough cleaning to remove grease and cutting compound, the specimens 
were weighed in air and then in water maintained at 20° C. The loss of 
weight in water, corrected for temperature, gave data for determining the 
volume of the specimen. The density was then calculated by the equation: 
corrected volume 

weight in air 
The mean values for the densities of the specimens from each coupon are 
shown in Table 1, and indicate that patterns 1, 2 and 3 produce specimens 
of the highest degree of soundness. 


Density = 





Tensile Tests 

10. The tensile tests, summarized in Table 1, confirm the values obtained 
in the density determinations. Coupons 1, 2 and 3 produce specimens hayv- 
ing practically the same yield and tensile strengths, elongation and reduction 
of area. Specimens from coupons 4, 5 and 6 show yield strengths and tensile 
strengths approximately the same as those of coupons 1, 2 and 3, but exhibit 
a marked decrease in elongation and reduction of area, obviously due to the 
presence of minute centerline shrinkage. 


Table 1 
PROPERTIES OF TEST SPECIMENS* FROM PATTERNS Nos. 1 THrRovuGH 6 


Ultimate Weight of 
Yield Tensile Elongation, Reduction Weight of Number of _ Metal 

Pattern Strength, Strength, per cent of Area, Density, Casting, Specimens Specimen, 
No. pst. ps. in 2 in. percent gm./ce. lb. /Casting lb. 


i ‘ 7 31.6 47.4 7.819 36-40 2 
32.7 50.8 7.810 86.0 14 

32.5 49.6 7.811 48.0 8 

26.5 36.3 7.801 20.5 3 

24.0 30.0 7.807 34.0 5 

6 


52,300 } 18.7 27.2 7.807 23.5 3.9 


*Heat No. 203: C—0.25 per cent; Mn—0.71 per cent; Si—0.45 per cent. Normalized at 1700° F 
for 1% hr., air cooled. Tempered at 1200° F. for 2 hr., air cooled. 
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Shrinkage 


11. To show the amount and nature of the shrinkage cavities in the various 
coupons, the castings were sawed into halves and deep etched with hot, 50 
per cent hydrochloric acid after removal of the test specimens. The sectioned 
coupons are shown in Fig. 10. In all coupons except No. 3, the gross shrink. 
age cavity was confined to the feed head. However, this is not conclusively 
significant, since upon close investigation, there is an indication of loose center- 
line structure in the tensile blanks obtained from the coupons 4, 5 and 6, 
whereas those obtained from coupons 1, 2 and 3 were apparently sound. The 
cause of such a condition is quite obvious from an examination of the coupon 
designs. 

12. In coupons 1, 2 and 3, the smallest section (which ultimately becomes 
the tensile bar) draws its feed metal only a very short distance from the 
adjoining heavy section, whereas in coupons 4, 5 and 6 the remote portion 
of the small section must draw its feed metal a distance of approximately 
5 in. through a one-inch section with very nearly parallel walls. Therefore, 
the proximity of the gross shrinkage cavity in and under the riser to the 
specimen blank is less important than the method of joining the specimen 
blank to the adjacent heavy section. The shrinkage cavity in coupon 3 extends 
down into the coupon itself, but is concentrated at the center of the block 
and does not harm the tensile blanks. While the shrinkage in coupons 4, 5 
and 6 is not readily visible in the tensile blanks, the minute centerline shrink- 
age due to improper conditions of feeding proved detrimental to ductility. 


13. Many practical foundrymen consider that the metal head, i.e., the 
height of the liquid metal above the location where the tensile specimen will 
be removed, is important to the degree of soundness of the specimen. From 
previous and present work at the Naval Research Laboratory, the metal head 
does not appear to be important so long as sufficient metal is available to 
feed the solidifying specimen. 


Feeding Methods 

14. Figure 11 shows sketches of two test coupons. One coupon was cast 
in the conventional manner with the test blanks at the bottom. The other 
was cast with the test blanks at the top; feeding in this case was accomplished 
by the use of a blind riser gated into the heavy section at the bottom of the 
mold cavity. In the first case, both atmospheric pressure and ferrostatic head 
acted to force liquid metal into the test blank locations, whereas, in the latter 
case, only the force of atmospheric pressure acted, and even it was diminished 
by the amount of ferrostatic head*. Table 2 gives a comparison between the 
properties of the specimens cut from these coupons. The close agreement 
between these results indicates that the pressure head of metal is not the 
important consideration in determining the soundness of the test specimens. 


15. Examination of the sectioned casting from pattern 3 (Fig. 10) indi- 
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Table 2 


COMPARISON OF THE PHYSICAL PROPERTIES OF STEEL CASTINGS* 
FEep By MEANS OF OPEN AND BLIND RISERsS® 


Yield Tensile Elongation, Reduction 

Specimen T ype of Strength, Strength, per cent of Area, 

No. Riser psi. psi. in 1 Y-in. per cent 
Al Open 63,800 78,400 30.2 65.4 
A2 Open 63,300 77,000 30.2 66.3 
Average Open 63,550 77,700 30.2 65.9 
B 1 Blind 64,000 77,600 30. 68.0 
B2 Blind 63,200 76,600 32. 68.0 
Average Blind 63,600 77,100 31.2 68.0 


*C—0.13 per cent; Mn—0.70 per cent; Si—0.95 per cent; Cu—1.69 per cent; S—0.03 per cent 
P—0.03 per cent. Specimens dead annealed 


cated that the 6-in. riser of the original design was not needed to produce 


sound specimens. To verify this observation, four test coupons were cast from 
one heat of steel. Pattern 3, having a head 6-in. high, as shown in Fig. 3, 
was used for one casting, the same pattern with a shortened head (3-in. high 
was used for the second casting, pattern 7 with the 6-in. head (Fig. 12) was 
used for the third casting, and pattern 7 with a 3-in. head was used for the 
fourth casting. The four castings were poured in less than one min. elapsed 
time, so there was little chance for the composition of the metal to change. 

16. The results of the tensile tests after heat treatment are summarized 
in Table 3, and indicate no significant difference between the properties 
obtained from coupons with 3- or 6-in. risers. Sections of these castings made 
from pattern 7 are shown in Fig. 13. Reducing the size of the riser causes 
the shrinkage. pipe to extend further into the coupon. This is harmless to the 
tensile blank, as previously pointed out, and reduces the amount of metal 
required. Of course, sufficient metal must be used to provide adequate feeding 
of the blanks, but since they are almost completely surrounded by sand, and 
cool at a relatively rapid rate as compared to the main body of the coupon, 
a minimum of feed head is required. 


Modified Pattern Design 

17. It was found somewhat difficult to remove the sand from the space 
between adjacent blanks of the castings made from pattern 3. To improve 
this condition, the pattern design was modified as shown in Fig. 14. This 
modified pattern design (No. 8) permits the -casting to shrink away from the 
sand more readily, provides more efficient removal of heat from the casting, 
and lowers the amount of metal required per specimen blank. Tensile speci- 
mens from this coupon are free from centerline shrinkage and can be easily 
sawed (two at a time) or torch cut from the casting (Fig. 15). 

18. To confirm the belief that the use of pattern 8 produces specimens 
which have physical properties equivalent to those from proved designs, coupon 
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Table 3 


CoMPARISON OF THE PHYSICAL PROPERTIES OF SPECIMENS* 
CuT FROM PATTERNS Nos. 3 AND 7 wiTH 3-IN. AND 6-IN. RISERS 


Yield Ultimate Elongation, 
Pattern Height of Strength, Tensile Strength, per cent Reduction of 
No. Riser, ins. pst. psi. in 2 in. Area, per cent 
3 3 40,850 67,100 34.8 53.9 
3 6 41,350 66,750 33.7 52.0 
7 3 42,900 66,250 35.7 55.2 
7 6 43,250 65,350 35.2 54.9 


*C—0.22 per cent; Mn—0.47 per cent; Si—0.47 per cent. Normalized at 1700° F. for 1% hr., air 
cooled. Tempered at 1200° F. for 2 hr., air cooled. . 


castings from the same heat of steel were poured in molds made with patterns 
| and 8. Blanks cut from these castings were heat treated together, specimens 
were machined, and tensile tests were made. The results, which are given in 
Table 4, show that coupon 8, which requires only one-fifth of the weight of 
metal per specimen of coupon 1, produces steel of the same quality. 

19. Table 1 shows the total weight of each of the coupon castings tested 
and the weight of metal required for each specimen obtained. Coupons 7 
and 8, which yield four and eight specimens, respectively, require only 4 Ib. 
of metal per specimen, while pattern 1 requires 18 to 20 lb. and exhibits no 
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better properties. Working drawings from coupons 7 and 8 are shown in 
Figs. 17 to 20. 
Effects of Specimen Section Size 


20. To study the effect of the solidification variables caused by changing 


the section size of the specimen blanks, two test coupons were cast from the 
same heat of steel, one from pattern 2, the other from a modification of pat- 
tern 2 which was redesigned to produce a tensile blank with a 2-in. square 
cross section. Bars having a one-inch square section were cut from the center 
of the 2-in. square blanks and were heat treated with the blanks cast in one- 
inch square sections; this procedure eliminated any variable which might be 


attributed to the effect of section size upon response to heat treatment. 


21. Standard tensile bars were then made and tested. Average results are 
reported in Table 5. There is a definite indication of reduced strength and 


Table 4 


TENSILE TESTS OF SPECIMENS* FROM Heat No. 205 To COMPARE 
THE MECHANICAL PROPERTIES OF STEEL OBTAINED FROM 
THE KEEL BLocK AND PATTERN No. 8 


Ultimate 
Yield Tensile Elongation, Reduction Weight of No. of Weight of 
Pattern Strength, Strength, per cent of Area, Casting, Specimens Metal 
No. psi. psi. in 2 in. per cent Ib. / Casting Specimen 
] 43,650 72,90 31.0 46.4 40 2 20 
(keel block ) 


8 44,650 73,100 32.2 47.6 32 8 4 


*C—0.23 per cent; Mn—0.58 per cent; Si—0.49 per cent. Normalized at 1700° F. for 1'% hr., air 
cooled. Tempered at 1200° F. for 2 hr., air cooled. 
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ductility in the coupon with the tensile blanks of the 2-in. cross section, due 
to mass effect. This supports the theory that test bars indicate only the con- 


dition of the metal poured and not the properties to be found in the casting. 


22. 


Use or Neckinc Cores | 
To facilitate removal of the specimen blanks from coupon 7, and to 


eliminate the need for a cold saw or torch, necking cores were placed in the 
mold at the junction between the specimen blank and the body of the coupon. 


The details of this arrangement are shown in Fig. 21. 


a4 


a 





4" 


Tests were conducted in one case with the opening between the cores 


Fic. 17—Lerr—Patrern No. 7—View or 
Front ELevaTIon. 
Fic. 18—Asove—Patrern No. 7— Pian 
View or Draco Section. 








Test Coupon DEsIGN For Cast Step; 


Fic. 19—Torp—Patrern No. 8—View or Front Exevation. Fic. 20—Borrom—Patrern No. 8—PLan 
View or Drac Section. 
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Table 5 
COMPARISON OF THE PHYSICAL PROPERTIES OF SPECIMENS* TAKEN 
FROM THE CENTER OF BLANKS Cast IN ONE-INCH 
SQUARE AND 2-IN. SQUARE SECTIONS 


Size of Elongation, 
Blank, Yield Strength, Ultimate per cent Reduction of 
inches pst. Tensile Strength, pst. in 2 in. Area, per cent 
Ix] 58,000 85,000 28.8 49.2 
2x2 53,400 83,400 26.5 41.9 


*C—0.29 per cent; Mn—0.73 per cent; Si—0.49 per cent. Normalized at 1700° F. for 1% hr., air 
ooled. Tempered at 1200° F. for 2 hr., air cooled, 


4-in., and in another, 3%-in. In a third mold the cores were omitted to pro- 
vide control specimens for comparison with those made in molds having the 
necking cores. All three molds were poured from the same ladle of medium 
carbon steel. The cores provided the desired necking action, and it was pos- 
sible to break the blanks from the casting with either the %-in. or 3¢-in. neck. 

24. Transverse disk specimens were cut from blanks from each of the 
coupons. These disks were examined radiographically and by deep-acid etch- 
ing. No evidence of centerline shrinkage was discovered. Three blanks from 
each coupon were heat treated and machined into shoulder grip tensile test 
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Fic. 21—Patrern No. 7—Pian View or Morn (Draco Section) wirn Cores INSERTED. 
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specimens. The mean values of the tensile tests of the two sets of casting 
are shown in Table 6 

25. The effect of the necking cores upon the properties is not extremel 
consistent, but does not seem to be markedly detrimental. The test data from 
heat 401 indicate that there may be imperfect feeding of the blanks when the 
necking cores are used. This and the extra labor and care necessary in making 


the mold with the necking cores counterbalance some of the advantage oj 


easy removal of specimen blanks. 


CONCLUSIONS 
26. The following conclusions can be drawn: 

(a) The cloverleaf type of coupon (7 and 8) provides tensile blanks 
which are completely sound and which exhibit maximum 
strength and ductility. This type of coupon requires a minimum 
amount of metal poured per specimen blank obtained, and the 
blanks may be readily sawed or torch cut from the coupon. 
Since specimen blanks cut from test coupons do not necessarily 
reflect the properties of the casting, some standard type of test 
coupon should be selected and used as an indication of metal 
quality only. 

Necking cores can be used on coupons of the cloverleaf type, 
but may cause slightly lowered reduction of area as compared 
to that obtained in coupons made by the regular method. The 
specimens can be readily knocked from the coupon rather than 
sawed or torch cut. 

Since ferrostatic head does not govern the quality of tensile 
specimen, considerable economy can be achieved by decreasing 
the ratio of riser metal to specimen blanks. 


Table 6 


PROPERTIES OF TEST SPECIMENS PouRED WirH AND WITHOUT 
NEcKING Cores 


Yield Ultimate Elongation, 
° Strength, Tensile Strength, per cent Reduction of 
Heat 401* psi. pst. in 2 in. Area, per cent 
No cores 50,900 81,350 28.3 43.3 
¥-in. neck opening 53,100 81,750 27.0 36.5 
4 -in. neck opening 53,400 81,600 26.8 39.4 
Heat 403** 


No cores 46,200, 76,000 31.6 50.0 
¥g-in. neck opening 46,150 75.300 32.2 54.3 
4-in. neck opening 46,100 75,400 33.5 52.1 


*C—0.25 per cent; Mn—0.63 per cent; Si—0. at pe cent. 
**C—0.31 per cent; Mn—0.61 per cent; Si— per cent 
Normalized at 1700° F. for 1'% hr., air cooled. Tempered at 1200° F. for 2 hr., air cooled. 
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DIsCUSSION 


(e) Since the cloverleaf design of coupon provided blanks for tensile 
specimens with optimum properties, it could be used to obtain 
bend test specimens by substituting a section of suitable design 
for one of the tensile blanks. 
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DISCUSSION 

Presiding: T. N. ArmsTRONG, International Nickel Co., Inc., New York, N. Y. 

C. E. Sms’: I would like to emphasize what the authors of this paper mentioned, 
namely, that the test bar should be regarded only as an index to the quality of the 
steel and not as a Criterion of the quality of the castings from a mechanical standpoint. 
This relationship is in need of clarification because there undoubtedly is considerable 
confusion among the users of castings, particularly in regard to the importance or the 
significance of test bar results. 

S. W. Brinson’: Why did you use pipe eliminator on some of the open risers and 
not on others? 

Mr. WayNE: We used pipe eliminator on practically all of the risers, but since we 
were not attempting to make the section immediately under the riser sound it would 
not matter particularly. 


‘Battelle Memorial Institute, Columbus, Ohio. 
*Norfolk Navy Yard, Portsmouth, Va. 








Gray Iron—Steel Plus Graphite t 
By J. T. MacKenzte*, BriRMINGHAM,’ ALA. 


FORMATION OF GRAPHITE 

1. The mechanism of the formation of graphite** has been studied } 
many metallurgists, but the most concise and clearest statement of it wa 
made by Alfred Boyles after a thorough investigation presented before this 

Institute in 1937. Boyles summed it up as follows: 

(1) Primary austenite freezes out in the form of dendrites, which 
continue to grow down to the eutectic temperature. 

(2) Crystallization of the eutectic liquid begins at centers which 
grow equally in all directions, forming a cell-like structure. 

(3) Segregation takes place in two stages: (a) between the 
primary dendrites and the liquid, (b) from the crystallization center 
of the eutectic outward into the boundaries of the cells. 

(4) Constituents formed during the freezing of the eutectic 
occupy the interstices of the dendrites. The graphite flakes and the 
phosphide eutectic thus are restricted by the size and distribution of 
the dendrites. 

(5) Graphite flakes do not begin to form until the eutectic begins 
to freeze. As soon as the eutectic is completely frozen, the flake 
structure essentially is complete. The flakes grow radially from the 
crystallization centers of the eutectic outward into the surrounding 
liquid, resulting in a “rosette” or “whorl” formation. 

2. With this clear statement before us, we thought of the method used by 
Roll to obtain a space model of the graphite flakes. The method is show 
in Fig. 1. It consists of firmly establishing the position of the specimen on the 
stage of the microscope, photographing and repolishing. Between polishing: 
the specimen is measured accurately and when enough plates are obtained 
they are stacked with the proper spacing between to give the three-dimensional 
picture as shown. A model can then be constructed of some plastic, as shown 
in Fig. 2. Roll seemed to think of the graphite only as flakes, but with Boyles 
theory in mind we observed the relative position of the flakes and thus 
obtained the highly satisfactory confirmation of his theory, shown in Fig. 3. 
Boyles’ word “whorl” appears to be a better description than “rosette.” Four 

tReprinted from the Twenty-first Annual Henry Marion Howe Memorial Lecture presented at the 
A.I.M.E. New York meeting, February, 1944, and published in Merats Tecuno.ocy, June, 1%4+4. 


*Chief Metallurgist, American Cast Iron Pipe Co. 
****Gray iron,”’ unless qualified, in this paper refers to normal hypoeutectic irons 
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Fic. 1—Ro.w’s Mernop or Constrructinc a Space Mopet or Grarnuire Flakes. 





Fic. 2—Ptastic Mopets or Grapnuite FLAKES 
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us more of these formations are shown in Figs. 4 and 5. Three “cuts” are shown 

3. as the conventional photographs in Fig. 6. 

ur 3. After constructing the individual flakes, we tried setting them up in . 
their actual space relationships, with the results shown in Fig. 7, which gives , d 

h , ' ; ; 

, views from both sides and the top (standard inch included for scale). The 


magnification of the models is about 150. These are not all of the formations 
in this volume but enough are developed to show that the space relationships 
confirm Boyles’ reasoning. 
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: The Use of Gypsum Cements in Pattern and Model Making 


By E. H. ScuHLeepe*, Cuicaco, ILu. 


Abstract 
This paper explains some of the characteristics of gypsum cement and 
how it may be used in making patterns and models. The necessary 
tools and equipment and five different work methods are described. 
Figures are used to show some of the characteristics of the material and 
some of the techniques employed. 


|. When the natural mineral, gypsum, is finely ground and calcined 
under closely controlled conditions, the product has been commonly known 
as plaster of paris. This name originated from a rock found near Paris, 
France. The manufacturing procedures have been improved and formulations 
worked out to give a series of uniform plaster products which can now be 
more accurately described as “gypsum cements.” 

2. In this paper it is proposed to outline how these gypsum cements are 
correctly used and how they can help the pattern makers and model makers 
to do certain types of jobs faster, better and more economically. 


? 


3. As is true with any material, it must be recognized that there are 
certain things that must be known and certain basic procedures that must 
be followed. Only a few basic facts must be known and followed in handling 
gypsum cements, but unless they are recognized trouble will follow. 

4. Skliled craftsmen with a background of pattern, foundry or die work 
can utilize all of their past experience to take advantage of the possibilities 
offered by gypsum cements. , 

5. Anyone applying the methods to be described will have success in 
gypsum cement pattern making in direct proportion to the skill and knowledge 
acquired. 


NECESSARY SHOP EQUIPMENT 


6. Proper equipment is necessary to make gypsum cement patterns and 
models, the size and type of work contemplated determining the compara- 
tively inexpensive equipment needed. 


Work Benches 


7. The size of the job being made governs the height of the bench. The 
main body of the work should be in the most convenient position. The 


*Develo ment Engineer, United States Gypsum Co. 
Nore: is paper was presented at a Patternmaking Session of the 48th Annual Meeting, American 
Foundrymen’s Association, Buffalo, N. Y., April 28, 1944. 
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entire surface of the bench should be flat, and can be of marble, slate 
polished plate glass, or treated hardboard. Iron benches can be used, but the 
rust resulting from moisture must be removed constantly. 

8. The benches must have straight edges. The better the work bench, 
the better and more accurate the work that can be produced. 


Mixing Bowls 


9. Mixing bowls should be semi-spherical in shape, and made of spun 


or stamped brass or stainless steel. They should be sufficiently flexible s 
that they may be sprung to remove set gypsum cement. 


Tools 


10. The tools used for this type of work are: 
(1) Flat scrapers with one edge smooth and one edge sawtoothed 
Kidney scrapers, smooth-edged and sawtoothed. 
Spatulas of varying sizes. 
Hand saw, large-toothed and wide set to enable the saw to 
clear itself. 
Block planes, the size depending on the work. 
Regular carving tools. 
Cutting and filing equipment for making metal templates. 
(8) Angle plates and all other usual devices for pattern making 
(9) Water facilities nearby for frequent washing of hands. 

11. Each type of gypsum cement has a definite consistency which, in 
terms of the shop, is the lb. of water needed per 100 Ib. of plaster to bring 
the mixture to the proper fluidity for use. It is very important to recognize 
that water in excess of that required for the normal consistency results in 
the final pattern being soft and weak. Figure 1 illustrates how the com- 
pression strength decreases as the consistency increases. Approximately 18 
per cent of the water used for mixing combines chemically with the cement 
when it is set. Water in excess of 18 per cent (18 lb. of water per 100 |b. 
of cement) contributes nothing to the final strength or the hardness of the 
set material. Figure 2 illustrates how the dry density of the material 
decreases as the amount of mixing water increases. 

12. Each type of gypsum cement has its own consistency, and the low 
consistency (38 to 40) of alpha gypsum gives a pattern which is two to four 
times as hard and as strong as regular molding plaster, the normal con- 
sistency of which is 60 to 62. 

13. To take full advantage of the proper consistency and to obtain 
uniformly satisfactory results, it is recommended that the water be weighed 
or measured and that the plaster be weighed. 


MIXING 


14. In mixing, the gypsum cement should be sifted or strewn into the 








XING 


late, 


the 


ach, 


Dun 


to 


n- 





£. H. SCHLEEDE 1273 


9000 


8000 


7000 


6000 


5000 


4000 


3000 


2000 


1000 


per 





ce) 
so 40 60 60 70 80 a0 


Fic. 1—Errecr or ConsisTeNcy ON SrrenctH or Gypsum Cement Casts. 


water. The water should never be poured on the gypsum cement because a 
poorly mixed, lumpy batch will result. After the gypsum cement has been 
introduced into. the water it should be allowed to soak undisturbed for one 
to two min., and then thoroughly mixed. A mechanical mixer with an 
electric clock for accurate timing is recommended for mixing large batches. 

15. The mixing vessels should be kept clean. A good mixing bucket for 
large mixtures and spun brass bowls for small mixtures are recommended. 
Mixing eliminates the air or bubbles in the mixture and gives a smooth, 
creamy fluid free of lumps. Improperly mixed gypsum cement will surely 
give trouble. 

16. Contamination of the mixing water and the mixing containers with 
set material should be avoided, as such contamination will speed the setting 
of the gypsum cement and change the characteristics necessary in forming 
the patterns. 

EXPANSION 


17. When gypsum cements set, in most instances, they have a slight 
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Fic. 2—Errecr or Consistency ON Density or Gypsum Cement Casts. 


expansion. In recent years, much has been done to control the uniformity 
and degree of this expansion so that products now are available which hav. 
an expansion of 0.02 to 1.25 per cent at normal consistency (Fig. 3). Each of 
the types shown in Fig. 3 has its specific application in the pattern shop 
For example, on a large die where dimensions must be held closely, the 
gypsum cement with the lowest available expansion is used. To offset the 
metal shrinkage or to increase the overall dimensions, the material with th 
highest expansion is used. When constant ratios of gypsum cement to water 
are used and the mixing procedure is kept uniform, the percentage of 


expansion can be compensated for and relied upon. 


UNIQUE CHARACTERISTICS OF GYPSUM CEMENTS 

18. Gypsum cements, when mixed with water, form plastic masses which 
can be molded, shaped or cast. 

19. This plastic mass begins first to thicken, then harden, and then set 
The thickening or “creaming” stage varies in length of time with different 
types of cement. To the pattern maker this thickening stage is the most 
useful, interesting and phenomenal one, and it is accurately described as 
the “period of plasticity.” 

20. During this period, the cement can be formed by hand, screeded (or 
formed) with a template; and reinforced with hemp, sisal, wire mesh, ex- 
panded metal, burlap or muslin. 


21. The various stages of this period of plasticity should be observed very 
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losely by the pattern maker because specific results can be achieved only 
at certain stages. The experienced pattern maker waits until the proper 
plastic stage is reached before working the gypsum cement. 

UTILIZING THE PERIOD OF PLASTICITY 

22. This valuable period is the one which is most frequently neglected, 
to the user’s disadvantage. It is during this plastic period that the cement 
should be used to build up patterns and to screed them to shape with tem- 
plates, because at this time it can be modeled readily, since it has a 
“controlled” flow. This eliminates the need for molds or “boxing in” which 
would be necessary if using it in the “free-flowing” state. 

23. A little study and experience will quickly show how the progressive 
plasticity of the cement can be utilized. Different areas of the pattern will 
require different stages of plasticity because, as this period progresses, the 
ement gains strength or body and can be built up to the contours required. 

24. The length and character of this period of plasticity varies with 
different types of gypsum cement, so the type should be selected that will 
meet the requirements of each job. 
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CEMENTS IN PATTERN AND MODEL Making 


Tue Use AND CONSTRUCTION OF A TEMPLATE 


25. A template is a piece of metal which is cut to the shape indicated bh, 
the blueprint, and is then used as a tool to screed or form gypsum cement 
to the desired shape or contour. 

26. The thickness of the stock needed for the template depends upon 
the type of gypsum cement to be used. Steel or any metal strong enough to 
scrape the “set” cement is necessary. The thickness—or gauge—of the 
metal is governed by the hardness of the cement. For the hardest types of 
cement, 16 gauge is practical; for the softest, 27-gauge, half-hard brass js 
satisfactory. 

27. After selecting the correct gauge template stock, the metal sheet is 
generally first prepared for scribing (or transferring of the design from the 
blueprint) by coating it with layout dye—a blue coloring matter which 
makes the scribed lines easier to follow. 

28. When a number of steps are required to complete a pattern, and the 
templates are not required for future references, one template sheet is used, 
and the successive changes scribed on the template are cut out as the work 
progresses. 

29. However, if it is necessary to keep the templates for future references, 
a series of templates must be made, one for each successive step. Each of 
these successive templates must register with the preceding one. 

30. When these points have been decided, the scribing is done with the 
aid of a scratch awl. All reference lines must be scribed on the template 
for guidance. 

31. After all lines have been scribed, the template is cut, and filed to 
follow the contour of the design accurately. All scratches and imperfections 
in the finished template will be transferred onto the finished work. Therefore, 
it is imperative to have a smooth and accurate template. It is now ready 
to be attached to the sled. 

THe SLED 

32. The function of the sled is to support, guide, and steady the template 
as it is pushed through the plastic mass, screeding it to shape (Fig. 4). 

33. In using the sled, the bench is greased so that the sled will slide 
easily. Care must be taken so that there is no grease under the molding 
being made. The sled consists basically of a “slipper-board,” a board to which 
the template is nailed or bradded, a guide board and an outrigger board. 


34. The template board is cut out to a contour roughly similar to the 
contour of the template. Clearance is provided so that the wood does not 
project beyond the template, which would result in ruining the shape being 
formed. 


35. The sled construction is modified as required by the type of work 
involved. 
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es, MetTHops OF MAKING PATTERNS 
Ol 6. In forming gypsum cement patterns there are five principal methods. 
One or more of these methods are used to produce the desired pattern. 
he : : 
, 1) Straight Run Molding 
te 
37. Straight run molding work is made by the use of a template fastened 
, to a sled which is pushed through the plastic mass (Fig. 4). A first run or 
0 . . > . c . 
follow-board is formed, and this serves as a support for the pattern (Fig. 5). 
ns ~ ° ~ = 
a. The follow-board template is cut to follow the contour of the back of the 
ty pattern, and the cement is mixed at slightly below normal consistency 
y : « 
fe 
. 
g 
h 
. 
t 
y 





Fic. 5—Tue Compcetep Patrern Is SeparaTep FROM THE FoLtLow-Boarp Betow. Arter SHELLACKING, IT 
Is Reapy ror Use. 





1278 CEMENTS IN PATTERN AND MODEL Maxiy 


38. As the “creaming” action progresses, the cement becomes stiffer, anq 
therefore easier to control with a spatula. 

39. The template is now pushed firmly through the plastic mass in one 
direction only. When it has been pushed through the mass once, the sled js 
picked up, the template cleaned, and the waste cement discarded. Addi. 
tional cement is added to the mold to fill in the remaining voids. Thy 
sled is returned to its starting position and again pushed through, 
operation being repeated as often as is necessary. 

40. The high spots in any profile are the most difficult to build up and 
require the particular attention of the craftsman. The low spots practical, 
take care of themselves. 

+1. When the first mixture has progressed so far through the period of 
plasticity that it will no longer make a good bond, the work with that mixture 
should be stopped. Gypsum cement should: not be retempered, as it will 
become chalky and will have no strength. The less the cement is handled 
during forming, the better. When a large mass of cement is used, it is not 
advisable to bring the cement directly up to the template with the first mixture, 
because of expansion difficulties. 

+2. A second mixture should be made for continued building, filling th: 
remaining voids and screeding as before. If the work is not completed with 
the second mixture, a third or even a fourth mixture may be used. However, 
these additional mixtures should be made at normal consistency. That is, 
they should be more fluid than the first mixture, which was made below 
normal consistency. 

13. If, when applying these subsequent mixtures, the new material 
crumbles or tears, a greater amount of the mixture should be applied and 
screeded as quickly as possible. This crumbling or tearing is due to the 
absorption of water by the first mixture, which has set, from the subsequent 
mixtures. However, care should be exercised not to apply so much of the 
new mixture that the entire mold will become water-soaked. 


+4. When the follow-board—or support—has been completed, it is 
shellacked or otherwise sealed. Parting compound is then applied over the 
shellac. Meanwhile, the template is changed to the “face” contour by 
cutting and filing. 


45. A new mixture of gypsum cement is applied over the follow-board, 
and the screeding continues, using the same procedure as in making the 
follow-board. When this is finished, the pattern can be cut to length, carved, 
mitred, or further fabricated in any desired manner. After a final shellacking 
it is a completed pattern. 


2) Square, Rectangular or Oblique Shapes 


46. The technique is the same as that used in running straight work. 
The only difference is in the use of a slab which conforms to the basic shape 
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of the pattern (square, rectangular, hexagonal, etc.), only larger, so as to 
provide a surface for the sled to ride on (Fig. 6). The slab is pivoted 
1 one MF round a center stud attached to the bench. This pivot permits the job to 
led is HB he swung into a position convenient to the craftsman. 
Addi 
The 3) Circular Shapes 
47, Circular shapes, such as wheels, disks and housings, are madé with a 
modified arrangement of the run-work sled. The template is rotated around 
, a center post to produce a symmetrical pattern (Fig. 7) 
icall 48. For these circular shapes, the template is made with the center line 
scribed. A pivot plate is centered to this line and nailed or screwed in place 
d of (gon the template board. 
<ture 49. A center post is placed in a hole in the bench. This post should 
wi have a running thread, with a double nut for height adjustment. The pivot 
died point at the top must be absolutely rigid and should be set higher than the 
not [top of the pattern to be made, so that the template will clear the pattern. 
ture. (By rotating the template around the center post, sweeps of any diameter, or 
segments, can be produced. 
the 50. The mixing and handling of the gypsum cement in making a turning 
with | should follow the same procedure as explained for run work. For thin 
ve! sections, a foliow-board must be made first, and the pattern built on it. The 
t is 
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s Fic. 6—Square Suet. Parrern Bernc Removep From THE Fottow-Boarp. Nore Stas Is Larcer THan 
PATTERN BUT OF SAME SHAPE. 
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Frio. 7—SeparRaTING A CircuLar SHAPE PATTERN AFTER THE FINAL Turnino Has Set. 


accuracy of the finished work depends upon the accuracy of the equipment 
used. However, accuracies within 0.005 in. can be maintained by this method. 


(4) Cylindrical or Kindred Shapes 

51. By this method the cement is formed onto a rod which is rotated 
horizontally in journals in a box. As it is rotated, the excess cement is 
screeded by a stationary template attached to the box. The work, rather 
than the template, is rotated in this method (Fig. 8). The journals in the 
box must fit the size of rod to be used. A handle for turning, such as a 
lathe-dog, is clamped to the rod. 

52. The template is made in the usual manner. However, the true center 
on the template must be cut away to allow for the radius of the rod. There- 
fore, an arbitrary line must be established on the template in order to locate 
it on the template board in its true position. The template board is 
fastened securely to the furring strips on the inside of the box, which will 
support the template board at the centerline height. 


53. The pattern is built up on the rod in the following manner: twine 
is tied to the rod at the opening of the template, the rod is then rotated and 
the twine guided and wound around the rod in the manner of*a screw 
thread, from one end to the other and back to the starting point, where it is 
securely fastened. This twine forms a bond between the rod and the cement. 


54. <A piece of metal may be tied crosswise to the rod at this time, if 
necessary, which will help support the cement as it is applied. If the rod is 
not to be used again, i.e., if it is to be left in the pattern, the piece of metal 


may be soldered to the rod. 
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55. A small batch of cement, mixed at “below normal consistency,” 1s 
now spread along the entire length of the pattern. The rod is rotated slowly 
and, as the cement “creams,” more is added. Care should be taken not to 
apply too much of the mixture at one time, as too great a quantity will, of 
its own weight, cause the cement to sag away from the rod. Sagging will 
break the bond between the cement and the rod and, consequently, the 
pattern cannot be rotated, and it will be necessary to start over again. All 
that should be accomplished with the application of this first mixture is to 
secure a firm foundation for the subsequent mixtures. 

56. All “glazed” surfaces must be “roughened” before proceeding with 
the application of new mixtures. As the pattern is rotated, the waste 
material that is screeded by the stationary template must be constantly 
removed and discarded. Only a clean template will produce satisfactory 
work. 


2) 


cry 
/. 


All of the additional mixtures required should be of normal con- 
sistency and the number of mixtures needed depends upon the difficulty 
in building up the contours of the particular work. In applying the addi- 
tional mixtures, care should be taken that large masses of the cement do 
not come in contact with the template. A small clearance must be provided 


‘ 


to allow for the “setting” expansion of this large mass. Failure to allow 
for this “setting” expansion will result in “chattering” as the pattern is 
rotated. The final small clearance is then filled with a finishing coat of a 


fresh mixture spread over the entire pattern. 





Fic. 8—FsnrsHep Cytinpricat SHape Bernc Removep rrom THE Box. Tue Rop Is Removep yvrom THE 
PATTERN BY TWiSTING AND PULLING. 
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Built-up Work 

58. In built-up work, gypsum cement slabs are used in a manner similar 
to that in which boards are used in wood work (Fig. 9). Slabs can be cast 
by spreading the gypsum cement on the surface of the work bench. As the 
cement creams, it is built up to the thickness desired. If both faces are to be 
parallel, the center should be built up slightly higher than the thickness 
blocks placed at the endges. A piece of glass is then pressed down until it 
rests on the blocks, squeezing the excess cement out at the sides. These slabs 
can be made to any thickness and contour. Also, they can be reinforced with 
any convenient reinforcing material to give them added strength. 
59. When “lofting templates” are used, as in aircraft or similar work, 
the templates are set up in their specified positions. The gaps or spaces between 
the templates may be spanned by the use of reinforcing slabs or expanded metal. 
[he slabs may crack in bending, but the cracks will bind when a new 
cement mixture is added. 

60. The cement is put on free-hand in the shape of the lofting templates, 
[his free-hand shaping is done mostly while the cement is still in its plastic 
state. After the cement has set, it may be carved, scraped, or additional 


cement can be applied. Gypsum cement should never be carved unless it is 


moist. If the cement is dry, it will chip ahead of the carving tool, thus 
making it impossible to produce a smooth cut. 


9—Buitt-Up Patrern Tue Frnat Finisu Is Propucep sy Praninc, CarvinGc AND SANDPAPERING. 
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REINFORCEMENTS 


61. Long-fibered hemp is the most satisfactory, versatile and universally 


used reinforcement. The hemp is matted in baling, so it must be picked 
apart to loosen the individual strands. Then a handful is made into a flat 
bat and dipped into the cement mixture. This bat then can be added to the 
undercoating of cement being screeded, thus becoming an integral part of 
the pattern. The number of bats needed depends on the size of the job. 
Handfuls of the hemp may be dipped into the cement mixture and formed 
into a rope to tie metal or wood reinforcements in place. 

62. Thin, flexible slabs may be made by spreading the hemp on the 
bench and applying a thin layer of gypsum cement over it, pressing the 
cement firmly into the fibre while spreading. After the cement sets, it can 
be cut easily into slabs of a convenient size. Uncarded hemp or sisal fibre 
can be obtained in large quantities from wholesale distributors; in smaller 
quantities, from local upholsterers’ supply houses. 


63. Other reinforcements are wire mesh, expanded metal, metal rods and 
flax fibre for delicate work. Wire can be used as a reinforcement, but it 
must be wrapped with dipped hemp or flax fibre, which will furnish a 
mechanical bond between the wire and the cement. 

64. To avoid distortion, metal rods and wooden bar reinforcements which 
are to be used as supports for the finished pattern when handling, should 
always be tied onto the work with hemp fibre after the setting expansion 
has taken place. 


Appendix 


GypsuM CEMENTS—-WuHaT THEY ARE—How TuHey ARE Mabe, AND THEIR 
CuleF PuysicaAL DIFFERENCES 

Gypsum cements are made from the mineral-gypsum rock ; which is either white or 
gray in color, according to its purity (some formulations are gray due to additives). 

The rock is finely ground and calcined in an open kettle, being agitated constantly 
during the process. Calcination drives off three-quarters of the chemically combined 
water, changing the composition from (Ca SO, . 2 H:O) to (Ca SO. . % H:O). 

Regular calcined gypsum cement has a rormal consistency of 80 to 85 lb. of water 
to 100 lb. of cement, and has a compressive strength of 1600 psi. If calcium chloride 
CaCl.) is added to regular calcined gynsum cement in controlled amounts, the water 
content of the cement can be reduced to 60-65 lb. per 100 lb. of cement and its 
compressive strength is raised to 2500 psi. 

This method assures uniform products, but high compression strength materials are 
not possible. 

The type of gypsum cement used as a base for cements used for patternmaking pur- 
poses is made from the purest rock obtainable. It is not calcined in an open vessel 
and agitated during calcination, but is calcined in a pressure vessel without agitation. 
The gypsum crystals produced by this method are sharp and angular as compared ‘to 
the rounded crystals produced by “kettle” calcination. The normal water content drops 
to 40 Ib. per 100 Ib. of cement, and the compressive strength rises to 4000 psi. 
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By using this material as a base, formulations having a dry compressive strength of 
15,000 psi. can be produced. 

It is evident from the foregoing that, as the water requirement decreases, the dr 
compressive strength increases. In using gypsum cements, it is all-important that the 
water content of a mixture be kept to the minimum required to produce a cement of 
the proper working qualities. 


DISCUSSION 


Presiding: VAUGHAN Rem, City Pattern Foundry & Machine Co., Detroit, Mich. 
Co-Chairman: F. C. Cecu, Cleveland Trade School, Cleveland, Ohio. 


L. L. WeRNER': What is the best procedure and how long would you let the plaster 
dry before you put shellac on it? 


Mr. SCHLEEDE: As soon as the gypsum cement is set you can shellac it. The mistake 
so many people-make in shellacking gypsum cement patterns is that they have the shellac 
too thick. When you put a coat of shellac on a gypsum cement pattern the shellac 
should be cut back thin enough so that the first coat will be absorbed by the gypsum 
cement. Put several coats on. You do not have to wait. Most of these patterns shown 
are made over a period of not more than 6 hr. 

Mr. WERNER: We have experienced trouble with the shellac peeling off. 

Mr. SCHLEEDE: You are putting it on too thick. 

Mr. WERNER: I thought that it was because we were putting it on when the plaster 
was too wet. 

Mr. ScHLEEDE: If the plaster is too wet the shellac will curdle when it contacts the 
gypsum cement. Always work the gypsum cement as dry as possible, because if it is 
water soaked it is no longer possible to make a bond. You will be unable to bring up 
any fine corners. You must rely on the capillary attraction of the set gypsum cement 
to hold to the fresh gypsum cement that you are putting on. 


G. F. Smirxa’*: What material do you use to separate the pattern from the follow 
board? 


Mr. ScHLEEDE: There are a great number of things that can be used. The one that 
is most commonly used is stearic acid and kerosene with one per cent of aerosol. An- 
other common separating medium is petroleum jelly with kerosene. Lard oil and light 
machine oil are used. In the finest work, spirits of camphor is employed. The separating 
medium should be carefully applied, as too heavy an application will cause wrinkles or 
“separator runs” which will be visible in the completed job. When a gypsum cement sets 
it gives off heat. An exothermic reaction takes place. That will cause the work to sweat 
loose from the surface upon which it sets. If the work is set up on plate glass there will be 
no bond. But on any other material a thin film of a separating medium should be used 

In the pottery industry they use potter’s soap or light potash soap, working up a foam 
to coat the entire work. The use of soap with patterns is not advised because it will 
not build up a sufficiently thick film and is a water soluble material. 


Mr. Sitka: I have used plain lard where the body of the plaster was heavy enough 
There would be enough heat there to soften the lard and it worked out nicely. 


Mr. SCHLEEDE: You will not get an accurate reproduction. 


1 Crouse Hinds Co., Syracuse, N. Y. 
2 Ampco Metal, Inc., Milwaukee, Wisc 
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Mr. SmirKa: It all depends upon how the lard is applied. The object is to apply it 
so that you do not find any lines. 

Mr. SCHLEEDE: That is correct. All that is needed is a thin film of a separating 
medium that will not wash. 

Mr. SmirKa: The lard is heated before applying and hardens on the work. Later, 
the heat from the plaster will soften it. 

Mr. ScHLEEDE: If too much separating medium is used it will be absorbed by the 
plaster and result in a soft surface. 

MemBeER: In a plaster pattern reinforced by wood (Fig. 7), how do you prevent 
distortion and warping because of the absorption of water by the wood? 

Mr. SCHLEEDE: The use of wood should be avoided as far as possible because the 
moisture will cause the wood to swell and distort the plaster. 

MemBER: What happens to the gypsum cement when it is dried in the oven? 

Mr. SCHLEEDE: Air drying is best for plaster patterns, but it is not necessary to 
wait for them to dry if they are sealed with shellac. As soon as the shellac is dry the 
patterns can be used in the foundry. 

MemBeErR: Is there any relation between these plaster patterns and the investment 
molding process? 

Mr. SCHLEEDE: That is a different process entirely and must not be confused with 
plaster patterns. The plaster used in the molding process has an aggregate added and 
must be completely dehydrated before the metal is poured into the mold. 


Co-CHAIRMAN CECH: In connection with these emulsions that are used on plaster, 
the pattern supply houses today have pattern materials that are very thin and are 
admirably adapted to that work. They will help to prevent lump formation and 
streaking. 

Mr. ScHLEEDE: A word of caution about the use of shellac. Do not use anything 
besides alcohol to cut the shellac. Do not use oxalic acid because that will result in 
separating trouble. 

W. K. Voss’: How long does it take the gypsum cement to set and how long can 
it be worked while it is in the plastic state? 

Mr. SCHLEEDE: That depends upon the type of gypsum cement selected for the job. 
The dentist wants a quick-setting material and that is the mistake that a great many 
patternmakers make. The normal set of gypsum cement, according to the working 
period, is from 25 to 30 min., whereas dental plaster sets in 10 to 12 min. You must 
select the material that will work the best for you. You do not have to finish the job 
by the time the first batch is set. You can work on it all day or for two days. The 
aircraft industry might work on a job for a week. The job does not have to be finished 
with one mixture of plaster. 


3 Blackhawk Foundry, Davenport, Iowa. 








Drying and Preheating of Foundry Ladles 


By C. E. BALEs* anp F. McCartuy**, IRonton, Oun10 


LL iron and steel foundrymen 
4 agree that ladles of all sizes 
should be dried thoroughly before 
being used, yet in many foundries 
this important operation is neglect- 
ed, or it is handled in a superficial 
manner. The term “drying” is really 
a misnomer, because what actually 
is required is a thorough baking or 
preheating of the ladle lining. This 
is essential to secure the best service 
from the lining and the greatest 
number of salable castings. 

In obtaining data for this paper, 
personal visits were made to many 
foundries to observe the various 
methods of heating ladle linings. In 
addition a questionnaire was direct- 
ed to approximately 2000 foundries 
in the United States and Canada, 
to obtain from them a record of 
their experiences with “green” lin- 
ings. It was found that the use of 
incompletely dried linings invariably 
caused boiling in the ladle and that 
this action was detrimental to the 
iron and steel. 


Effect of Boiling 
Boiling in newly lined ladles was 
found to cause inverse chill, in- 
creased depth of chill and hard 
spots in the castings. It causes blow 
holes, misruns, cold shuts, and 
dirty, weak iron of poor structure. 


*Vice President, The Ironton Fire Brick Co. 
**Deceased. 


It also causes minute gas inclusions 
in the castings, particularly in the 
cope section, which usually are not 
discovered until the castings are 
being machined. 

Damp ladle linings are exceeding- 
ly dangerous, since the boiling iron 
or steel may spill over the side of the 
ladle and cause severe burns to 
workmen. In some cases, explosions 
have occurred and, in one instance, 
300 Ib. of iron was thrown as high 
as the foundry ceiling. In another 
instance, the entire ladle lining was 
blown out. 

In ladles handling steel, the boil- 
ing undoubtedly brings about some 
pick-up of hydrogen and _ causes 
porosity in the castings. In one 
foundry, some sand containing cal- 
cium chloride was used in the ladle 
linings and while the linings were 
apparently dry, the boiling was so 
severe that the entire heat had to 
be “pigged.” 


Behavior of Damp Linings 


Some foundries have experienced 
so much trouble in trying to remove 
all the water from newly lined ladles 
that they have given up hope and 
simply “pig” the first iron or steel. 
Such practice is an economic waste 
of manpower and fuel and should 


Nore: This paper was presented at a Refractory Session of the 48th Annual Meeting, American 
Foundrymen’s Association, Buffalo, N. Y., April 25, 1944. 
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not be tolerated if suitable drying 
equipment is available. 

It generally is recognized that 
damp ladle linings cut out much 
faster than those which have been 
dried thoroughly and preheated. 
The damp linings spall and crack, 
the cracks open on succeeding heats 
and contribute to unexpected run- 
outs. Such linings seem to cause 
more trouble from slagging. 


Ladle Lining Materials 

Many different types of refrac- 
tory materials are used for ladle 
linings, and the method and degree 
of drying depends upon the char- 
acter of these materials. In iron 
foundries, the following materials 
commonly are used: 


(1) Fire clay, silica sand and 
molding sand. 
(2) Fire clay, ground fire brick 
and silica sand. 
(3) Fire clay and silica sand. 
(4) Regular fire brick or splits, 
for bottom and sides. 
5) Fire clay and ganister. 
(6) Ladle bottom tile, with fire 
brick or mud lining. 
(7) Siliceous ramming refractory. 
{8) Super-quality refractory 
bonding mortar. 
In steel foundries the following 
materials are used: 
(1) Fire clay and ganister. 
(2) Fire brick. 
(3) Siliceous ramming refractory. 
(4) Siliceous ramming refractory 
with ganister. 


Some foundries use silicate of 
soda in their ladle lining mixtures 
to develop a hard structure, but the 
authors feel that this is poor prac- 
tice. The sodium silicate migrates 
to the lining surface, fuses when 
heat is applied, and causes-slagging. 
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Furthermore, the hardened surface 
prevents the escape of the moisture, 
and it is exceedingly difficult to dry 
such linings. 

High grade fire clay consists 
essentially of the mineral kaolinite 
which contains 14 per cent chemi- 
cally combined water. The fire clays 
ordinarily used in foundry practice 
contain some kaolinite, but they also 
carry quite a bit of silica, as well as 
some carbon and small amounts of 
iron and lime bearing minerals, such 
as pyrite, siderite, and gypsum. 

The chemically combined water 
content of foundry clays runs from 
6 to 12 per cent and, while it is pos- 
sible to drive out most of this water 
at 930° F., the final traces may not 
be eliminated until a temperature of 
1450° F. is reached. The loss of this 
water of crystallization is a function 
of both time and temperature and, 
considering the insulating power or 
low temperature gradient of the re- 
fractory lining, time is a very im- 
portant factor. 

It requires a temperature of 
1650° F. to burn out all the carbon 
and to dissociate the siderite into 
iron oxide and carbon dioxide, and 
the pyrite into iron oxide and sulfur 
dioxide. A temperature of 2400° F. 
is required to dissociate the gypsum 
into lime and sulfur trioxide. 

Fortunately, foundry fire clays 
contain very small amounts of car- 
bon and these iron and lime min- 
erals. However, it is essential that 
they be broken up by heat or they 
will damage the iron or steel by boil- 
ing and by sulfur absorption. 


Importance of Preheating Ladles 

The authors would like to stress 
the importance of both thorough 
drying and adequate preheating of 
the ladle linings. In many gray iron 
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foundries, the metal is tapped at 
2800° F. into ladles that have been 
preheated scarcely to 1600° F. 

In many steel foundries which 
employ electric melting, the steel is 
tapped at 3000° F. or higher, into 
ladles that have been preheated to 
about 2400° F. The authors believe 
that it would be much better to 
preheat the ladles to a temperature 
close to that of the metal to be 
received, 

Ladles also should be preheated 
for a sufficient period of time to 
satisfy the heat capacity of the ladle 
refractories. The time required de- 
pends upon the type of refractory 
materials used, thickness of the lin- 
ing, type of burner equipment, com- 
bustion conditions and the lining 
temperature desired. 

Some ladles have been observed 
where the surface of the lining had 


been preheated to a bright red heat, 
yet the metal boiled considerably 
when poured into them. This was 
due to a short preheat time which 
left half the thickness of the lining 
still damp. 


Vent Holes in Ladles 


In a steel foundry using electric 
melting, studies on a 3-ton ladle 
with a 4-in. lining of siliceous ram- 
ming refractory showed a face tem- 
perature of 2500° F. while the tem- 
perature of the ladle shell was 480° 
F. This emphasizes the insulating 
properties of ladle refractories and 
shows the necessity of taking suffi- 
cient time to do a thorough job of 
preheating. 

The authors regret that they are 
unable to recommend proper lining 
thicknesses and the time actually re- 
quired for drying and preheating 
ladles of various sizes. 


Methods for Drying Ladles 


To thoroughly dry ladles of al] 
sizes and to reduce the time of dry- 
ing, it is recommended that the 
ladle shells be perforated with vent 
holes of 4% to %-in. diameter. These 
holes could be placed on 1-in. cen- 
ters for hand and bull ladles, on 
2-in. centers for ladles up to 1,000 
lb., and on 3-in. centers for larger 
ladles. These vent holes are espe- 
cially important when rammed lin- 
ings are used. 

Many methods are used to dry 
iron and steel ladle linings. In some 
cases a wood or charcoal fire is built 
in the ladle as soon as it is lined and 
the fire is gradually increased until 
the lining appears to be dry. It is 
then allowed to cool to room temper- 
ature and washed with a clay daub. 


Some ladles are dried over a coke 
fire. For others, a mellow flame, 
from a gas torch, is applied to the 
newly lined ladle (Figs. 1 and 2). 
Some cracks usually develop, but 
they are closed with ladle mud when 
the ladle is apparently dry. 


A number of foundries now are 
using core ovens for drying ladles, 
and this appears to be the preferred 
method. Hand ladles, bull ladlés, 
crane ladles, and even ladles up to 
4 tons capacity, are being dried in 
core ovens. The temperature in 
these ovens will run from 500 to 
600° F. The linings are heated 
slowly and uniformly, all of the free 
water is driven out and the ladles 
are in excellent condition for imme- 
diate preheating or for storage in a 
warm, dry room. ‘After storage, the 
ladles must be preheated before 
using. 


Methods for Preheating Ladles 
After the ladles are thoroughly 
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Fic. 1—Gas Torch ror Propucinc a MELLOW 
Frame tN Stow Dryino or a Newry Linep 
Lapiz. Notre Frame Issuino From ‘*T.”’ 


dried, it is necessary that they be 
preheated to remove the chemically 
combined water from the refractory 
lining. This is done with oil or gas 
torches (Fig. 3), with the ladles 
preferably in a vertical position. 
Many ladles are preheated in a 





Fic. 2—Gas Torcn SHown 1 Fic. 1, Pracep 
mn LapLe. 
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horizontal position using a wall type 
heater (Figs. 4, 5 and 6). While 
this method is effective, the ladles 
have a tendency to go a bit out-of- 
round. Also, the lining sometimes 
flakes off and the ladle trunnions 
and gear mechanisms do not main- 
tain mechanical alignment. 


From the standpoint of lining sta- 
bility, the vertical method of pre- 
heating is recommended, even 
though it has some disadvantages. 
In the vertical preheating method, 
it is difficult to drive the flame from 
the oil or gas torch down into large 
ladles. Also, considerable fuel may 
be wasted and, unless sufficient sec- 
ondary air can get into the ladle, a 
reducing atmosphere will be present 
in the ladle, carbon will be deposited 
in and on the lining, and some dam- 
age may be done to the refractory 
materials. 


Foundry equipment engineers now 
are making improvements in ladle 
preheaters by placing a cover 
around the burner and over the 
ladle. The cover is lined with plas- 
tic refractory and reflects heat 
downward into the ladle (Fig. 7). 


Improved Method 

An improved preheating method 
was published anonymously in the 
May, 1942, issue of the British 
magazine, “Iron and Steel.” The 
equipment has been in operation for 
several years and has resulted in 
speeding the preheating operation 
and reducing cost by half (Fig. 8). 

This equipment was designed for 
gas, but it is felt that oil could be 
used equally as well. It consists of a 
shield, lined with plastic refractory, 
which can be lowered into contact 
with the ladle top, thus conserving 
heat. 
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Battery OF TorcHES FOR PREHEATING LADLES IN A VERTICAL PosITION. 
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Fic, 4—Generat Layout or a Watt Lape PreHearTer. 


A means of escape for the burned 
gases is provided by two chimneys, 
symmetrically placed in the shield. 
The shield was made flat, instead 
of conical, for the sake of sim- 
plicity. 

If this device were fired by the 
ordinary type of burner with a 
single central air supply, the gas 
would not burn in the ladle because 
it would lack secondary air. In- ; 
stead, it would emerge from the top Fee. 3—Chase. Seonuye gt Wins. Sian 
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Fic. 6—Laptes Bernc PreHeaTeD IN A Hort- 
ZONTAL PosiT10oN AGAINST A Watt Heater. 


of the chimneys and burn there. 
This difficulty was overcome by pro- 
viding the burner with an outer air 
jacket, as in burners designed for 
use under water. 


The air supply was taken from the 
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compressed air mains at 75 psi. As 
this pressure was unnecessarily high, 
a saving in compressed air was 
effected by fitting two simple air 
injectors by which the high pressure 
air sucked in atmospheric air. 

The equipment is easily con- 
trolled. Sufficient air is supplied to 
the outer jacket to keep the flame 
inside the ladle. The intensity of 
the flame is controlled by adjusting 
the central air supply. When the 
central air supply is reduced, the 
flame becomes soft and luminous. 


To protect the burner, and also to 
ensure that the flame extends suffi- 
ciently toward the bottom of the 
ladle, a loose sleeve may be slipped 
over the burner tip and may be 
replaced from time to time. This 
refinement has been found to be 
well worthwhile. 





Frio. 7—Improvep Lapte Preneater. THe Cover Is Linep witn Prastic Rerracrory. 
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The inside of the shield is covered 
with plastic refractory, which jx 
kept in place by pieces of expanded 
metal which are tack-welded to the 
bottom surface of the shield at fre. 
quent intervals. It is essential that 
this refractory lining be kept in good 
repair to avoid distortion of the 
shield. 

The authors appreciate the data 
and co-operation given to them in 
the preparation of this paper by 
H H. S. Austin, J. A. Bowers, Wm. 
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Evans, E. A. Frey, Norvin E. Green, 
John Grennan, Henry C. Griggs, 
H. S. Gulick, Harry Hazeltine, 
Arthur C. Hintz, Joe Manning, 
E. C. Miller, Earl F. Minnear, A. 
McMeekin, C. W. Phillips, Donald 
Reese, R. L. Salter, Bill Setzer, F. 
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Trenary, C. L. Williams, C. O. Wil 
Fic. 8—Lapte Preneater. Note CHIMNEYS FOR . + “oe 
THE Escape or Burnep Gases. Burner Is Pro- liamson, J. Harold Winn, and C. §. 
VIDED WITH AN QuTeR Arr JACKET, AS IN Burn- Whittet 
ers Desicnep ror Use Unper Water. ‘ 


DISCUSSION 


Presiding: C, K. Donono, American Cast Iron Pipe Co., Birmingham, Ala. 

Co-Chairman: E. J. Carmopy, Chas. C. Kawin Co., Chicago, II. 

Victor Pascukis’ (written discussion): In the presentation, the authors mentioned 
the necessity of preheating ladles to avoid cracks because of the sudden heating caused 
by the liquid iron and to avoid chilling the iron. The authors stated that, at present, 
it is not possible to determine the necessary time for preheating which would insure 
sufficient “soaking” of the ladle with heat. 

The problem of correct preheating can be divided into two parts. First, it is necessary 
to know what temperature distribution is desired in the lining and to what extent tem- 
perature increase by the liquid iron may be tolerated. 

The second part in this problem consists in selecting a preheat temperature ,and pre- 
heat time which insure the results desired. The best preheat temperature and time 
depend on the size of the ladle, the thickness and thermal properties of the brick and 
the pouring temperature of the iron. If these values are known and the desired con- 
ditions as explained in the previous paragraph are given, preheat temperature and time 
can be determined conveniently by the electric analogy method* which has been 
explained in a paper presented at this Congress. 

1 Heat Transfer Laboratory, Columbia University, New York. 


*Paschkis, Dr. V., “‘Heat Flow Problems in Foundry Work—Survey Method of Solution,”’ Trans- 
actions, American Foundrymen’s Association, vol. 52, pp. 649-670 (1944). 
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The Young Engineer in Foundry Production 


By C. L. Heater*, Cuicaco, IL. 


INTRODUCTION 


1. If this were an ordinary spring, a peacetime spring, the talent scouts 
would be out in force. Some would be watching college and high school base- 
ball teams, looking for future Gehrigs and DiMaggios. Others would be 
dropping in on spring football practice, hoping to discover another Red Grange 
or Tommy Harmon. And still others would not be near the playing fields 
at all. They would be hobnobbing with their old professors, lining up, in 
advance, promising technical talent for industry. 

2. There is only one thing wrong about this pleasant picture of normal 
springtime scouting. Representatives of the steel industry would be on the 
ground—and of the chemical industry—and plastics—and electronics—and 
many more. But, judging by the past, one industry, with which we are all 
well acquainted, would be conspicuous chiefly by its absence. I will leave you 
to guess which one. 


OPpporRTUNITIES OF THE FOUNDRY INDUSTRY 


3. Or I might give you a clue. I want to recall to you the splendid address 
by John H. Van Deventer’. Many of you probably heard that address, or 
you may have read it—but I want to quote a portion of it here, and earnestly 
commend it to your serious consideration. It bears directly on the need I am 
here to discuss tonight—it gives a wise and broadly experienced outside view- 
point on that need. I am sure that it will be helpful if I repeat these significant 
words of Mr. Van Deventer: 

“I do not think that any man or any business concern, including 
foundries, knowingly works for nothing or loss. The conclusion, 
therefore, must be that lack of knowledge is the cause of this unfor- 
tunate condition. And the one way to counteract that is through 
education. 

“But this process of education must be internal as well as external. 
The radiograph reveals you as deficient in the growth vitamins 
represented by a flow of incoming technological talent. 

“T have heard many young engineers in our professional schools 
say, ‘I am going into the steel industry for my life-work, or into the 
chemical industry or the plastic industry, or aviation or electronics.’ 


*Vice Pres., American Steel Foundries. 

Nore: This paper was , Presented at a Session of Engineers in the Foundry at the 48th Annual Meet- 
ing, American Foundrymen’s Association, Buffalo, N. Y., April 26, 1944. 

1 President and Editor, Iron Ace. Address delivered before the Chicago Chapter, American Foundry- 
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THE YOUNG ENGINEER IN FOUNDRY PRODUCTION 


I do not recall having heard any of them say, ‘I am going into the 
foundry industry.’ 

“This is not a healthy situatton, and when an unhealthy situation 
exists there must be a reason for it. 

“The reason for this, as I see it, lies within yourselves. 

“Promotion and public acceptance of any industry or any product 
must come from within and start at home. The better mousetrap 
idea may be good literature but it is not life. Unless you believe that 
your industry is an up-and-coming one, and believe it enough to get 
as full of enthusiasm about it as a hill-billy does of corn—and act 
accordingly, you can not expect the general public to pay much 
attention. 

“If I did not honestly believe that you have exceptional oppor- 
tunities ahead of you and that realizing them will be good for not 
only you but for industry as a whole, I would not be taking the time, 
nor running the risk of sticking my neck out to make these critical 
remarks. But I do honestly and sincerely believe that because of 
what has happened during the past few years, you are now in posi- 
tion to put your industry upon a new and distinctly higher plateau of 
service, profits and public acceptance.” 

+. I feel that we all ought to be grateful to Mr. Van Deventer for “sticking 
his neck out.” I think his criticism of our industry is fair—and constructive. 
And I also feel that he has given us a stimulating picture of the opportunity 
before us—the opportunity, again quoting his words, “to put the foundry 
industry upon a new and distinctly higher plateau of service, profits and 


public acceptance.” 


Value of Technical Training to the Foundry 


5. One step toward that objective is, beyond a doubt, a continuous infusion 
of technically trained young men. And while I am here to discuss the ad- 
vantages that flow from the employment of young engineering graduates, | 
would like to point out in passing that similar advantages are gained by recruit- 
ing technically trained men in other specialized branches, such as metallurgy 
and accounting. 


6. Naturally, the first question which needs answering in considering young 
engineers for the foundry industry is, “What can they do for us?” My broad 
answer to that is that they can do for us just what they have done and are 
doing for other technical industries. To be slightly more specific, and to 
paraphrase the American Society of Mechanical Engineers’ definition, “An 


engineer is one who makes practical application of the determinations of 
science.” To do this, engineers have been trained to seek problems and 
approach them logically, to appraise a problem as a whole, then to break it 
down into its fundamentals, and from there work toward a solution. The 
specific technical knowledge which they have acquired, such as the strength 
of materials, applied mechanics, thermodynamics, hydraulics, stress analysis, 
calculus, and other mysteriously named branches of technology, is useful and 
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necessary for arriving at final solutions in many cases, but it is useless and 
confusing unless the basic approach to a problem is sound. 

7. Primarily, therefore, the engineer can serve the foundry industry by 
bringing to it a mind trained to a fundamental approach to our problems, to a 
logical appraisal of all of the elements involved, and to organizing and 
following an orderly program for their correction. And then, since so many 
of our problems are predominantly technical in their nature, the specific 
knowledge acquired in engineering education comes in most usefully in effect- 
ing a solution. 

8. A young man equipped with a sound fundamental engineering training 
is a man who should be able to learn the details of foundry operation much 
more rapidly than one not so equipped. He, therefore, gives his employer 
wider possibilities of usefulness than the less fortunate chap who must learn 
each phase of operations the hard way. I do not imply that the trained 
engineer will make a better core-room foreman, or foundry foreman, or melter, 
or pattern foreman than a man who comes up through one of those depart- 
ments and finally demonstrates his ability to handle the job. But I am 
convinced that an engineer can more quickly become one of those foreman 
and can more readily be shifted from one such job to another than a man who 
does not have the same technical and fundamental training. The fact that 
he has mastered a sound engineering course is in itself partial indication that 
he has enough native intelligence to readily grasp the peculiar details of 
foundry technique and progress to greater responsibilities. 

9. I do not mention the importance of the engineer in joint cooperative 
design effort with customers, to assure them a better casting for their job and 
the foundry a better casting to make, for that seems to me to come within the 
province of the engineer in casting sales. But that engineer will be more 
successful if he is working with an engineer in producing the castings. 

10. If these basic qualifications of young engineers are not sufficient to 
make you feel that their employment holds advantages for the foundry, I sug- 
gest that you consult other successful industries for their experience. The 
best demonstration of the policy that has evolved from that experience is fo be 
found—as I pointed out in my opening remarks—on the campus of any 
engineering school during the spring of normal years. Representatives of 
enterprises, both large and small, are there looking over the current graduating 
crop, making selections, and endeavoring to line up their yearly quota of 
prospective supervisors, managers, technicians, and executives. They do that 
because they have found that it pays. And they get the man they want, the 
cream of the crop, because of what they have to offer in return. 


Wuat THE Founpry INpustry Has To Orrer YOUNG ENGINEERS 


11. Now, if we reach the point where we decide to recruit engineers for 
foundry employment, we must determine what we have to offer, to attract 
able, ambitious young men to our industry. And I feel that we can offer much, 
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if we start with the deep conviction that we need new talent, new thinking 
and sound objectives. 

12. First, our industry is changing, and young men can take a great part 
in accelerating this change. It is a change from a commodity industry wo 
one of engineered products to meet specialized requirements. It is a change 
which engineers have demanded and which engineers can best aid in carrying 
on. Second, our industry holds possibilities for growth, and that carries appeal 
for youth. Third, the foundry industry is not highly centralized; so the field 
for opportunity is not restricted. Fourth, we are not highly organized, tech- 
nically; so progress based on merit should get prompt recognition and not be 
dependent upon slow changes in mature organizations. Fifth, the foundry 
industry is a man’s business, it is tangible and real, and this appeals to the type 
of men the industry can use. Sixth, there are good opportunities for substantia! 
rewards in our industry. It does not have many get-rich-quick possibilities, 
but it should be as attractive from a career and salary standpoint as any other 
major branch of industry. 


13. Counteracting these appeals, we must also recognize that foundries 
have some less desirable features from the standpoint of the young engineer. 
We have not publicized our industry as a field for progressive young men— 
we are not thought of as a promising field for a lifetime job. Note what the 
aluminum, telephone, and electrical manufacturers are doing along this line. 


As an industry, we have been slow to see that our product gets its fair share 
of attention in the engineering curricula of technical schools. Our house- 
keeping has not made our plants the pleasantest places in industry. But these 
are largely defects of omission, which energy and determination will overcome; 
and they will not greatly retard obtaining the right sort of men once we 
decide we want to get them. 
SELECTION OF MEN 

14. With confidence in our industry as a growing factor in American 
enterprise, and a belief in the desirability of injecting larger numbers of 
engineers into it, we should give the most careful attention to the selection of 
men. If these engineers are to be of greatest usefulness and capable of 
advancement to responsible positions, their selection should merit at least as 
much study as we might give to a new sand-handling system or motor truck 
or core oven. Picking the man should be an executive responsibility, shared 
by the heads of the principal departments of the firm, and it should be done 
seriously and carefully. Try to remember that you are selecting men for 
careers, not just for jobs. The preliminary selection should be made at the 
school and should be followed by an interview at your own office or plant 
in which all the executives concerned should participate. 

15. To be successful as a foundryman, the man you choose should be in 
good, sound health, with fairly broad interests rather than intense, narrow 
ones. He should have mechanical aptitude and reasonable ingenuity and 
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imagination; be willing to work as well as to think; and have confidence in 
his ability. He should be able to remain stable under pressure, work well with 
a wide range of personal types, and c6mmand the respect of his associates. 
And he should have a reputation for good character and give evidence of 
possessing naturally sound judgment. His scholastic attainments, measured 
by his college grades, are not of first importance except when viewed along 
with his other collegiate achievements. A man who has kept up with the 
average and has worked to help himself through school or participated in group 
activities is to be preferred to the one who may lead the class scholastically 
but who has done nothing else during his school career. It also does not seem 
to me to be of great importance wheiher he has taken a civil, electrical, 
mechanical, chemical, or any other special engineering course. Each has its 
benefits, but sooner or later the foundryman needs to be a bit of all of them. 
Also, it does not seem to me important whether he has been graduated from a 
large or small, or a famous or less well-known school. The important factor 
is whether or not he has learned the basic fundamentals of logical thinking. 


Cooperative Engineering Courses 

16. I do not offer this as more than a personal opinion, but from my own 
observation I am inclined to favor the cooperative engineering courses for 
foundry operating personnel. There the men work while they learn; con- 
sequently, on completion of the course, they are already pretty well trained- 
if they have been intelligently handled—in the elements of the industry where 
they have been employed during their scholastic period. Also, they generally 
are compelled to work their way through school and probably gain a keener 
appreciation of the value of work and of the opportunity to become well 
established. 


Foundry Training Period 

17. Regardless of the school or course pursued, it is most essential that a 
careful, well-planned program of training be followed after you have hired 
your man. Again, this is important enough to justify executive planning, 
supervision, and follow-up. As an example, assuming he knows little about a 
foundry, start him off with several days under the wing of one of your general 
supervisors who can give him a broad picture of the operations involved. Then 
lay out a program covering, say, a year or perhaps more, in which he will 
spend several weeks in the molding department, core room, cleaning and 
finishing, heat treating, pattern shop, sand conditioning, melted metal depart- 
ment, and even longer in casting inspection. 

18. Many favor the inspection period first of all, for that is a great place 
to learn what foundry problems are. Most employers who have such training 
programs require a report at the end of the trainee’s period in each depart- 
ment. This is principally for the benefit of the man himself, for it forces him 
to review his experience and frequently shows him some points that he has not 
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covered as thoroughly as necessary. After a period with the accounting depart. 
ment and perhaps with the plant maintenance gang, the man should be jn , 
position to start paying you a dividend on your investment. Until then }, 
probably has not been holding his own so far as productive effort is concerned 
for if he has been properly scheduled, he has been moved on from one depart- 
ment to another as promptly as he has familiarized himself with its processe 
and operations. 

19. But when he has finished his period of acclimation, observation and 
training, he should be ready for minor supervisory assignments or as a staf 
assistant for special detail assignments. From there on he should expect n 
favor, but should be able, by virtue of his engineering training and his quick 
special foundry training period, to move forward into increasingly responsib] 
positions with greater rapidity than those without such benefits. I can say 
this confidently because, where this policy has been tried, it has proved suc- 
cessful; not 100 per cent successful, but with a high enough degree of succes 
to amply justify any higher costs involved or effort expended. 

20. I realize that some of you may feel, quite reasonably, that with this 
suggested plan of training in the foundry for a man with the qualities recom- 
mended, it should be immaterial whether he has had a college education or not. 
Of course, that is true, but the hitch is that men with such qualities are not 
to be found on every street corner. They generally realize the benefit of a 
good education; hence they are to be found in larger numbers in college 
graduating classes than in any other groups of men looking for job oppor- 
tunities. 

21. Since I have gone pretty well into details, I might also say that com- 
pensation should be based on the current market for engineering graduates 
when a man is first hired, with a nominal increase possibly six months later 
if he indicates promise. Then after his training period, pay him what the job 
he does justifies. And then, since he is a potential executive, pile on the 
responsibilities and the corresponding authority just as fast as he can take it. 
More young men are lost through lack of utilization of their capacities than 
from overloading them. But pay them for their job when their job grows. 
Do not make the mistake that is made by some large companies, who have 
hired large numbers of engineers each year and treated them as a pool of 
cheaply paid, high-grade help. Ultimately this defeats the objective you are 
trying to achieve. 


Research 

22. Another thing which merits mention is the engineer’s attitude toward 
research. The employment of young engineers in the individual foundries 
which make up our industry will spur technical research for the industry, and 
will also greatly hasten the practical application of its findings in your own 
company, for the engineer knows that he must look forward as well as back. 


He is fot content to use a process or follow a procedure merely because of 
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that good old foundry reason, ““That’s the way we’ve always done it.” Certainly 
none of you will disagree with the statement that we need research and need 
acceptance of its findings. 

93. Let me quote again, this time from an interesting article by Fred P. 
Peters* : 

“If foundries are backward technically (as is widely believed), 
then such backwardness is almost a fundamental flaw in our indus- 
trial structure. If, however, the foundry industry is progressive (as 
is actually the case), if it utilizes new scientific concepts and modern 
engineering practice, and if it has provided its own solid base of 
forward-looking research and development, then we may expect its 
influence in the American scene to grow and the market for castings 
to expand continuously.” 

CONCLUSION 
24. To add one more “if” to those of Mr. Peters, I believe that if we grasp 
our opportunity to acquire our share of engineering graduates for service in 
our industry, we will take a constructive, forward step toward the objective 
of that “new and distinctly higher plateau of service, profits and public 
acceptance.” 


25. Yes, I believe—in fact, I know—that we will go a long, long way. 


(For discussion, see page 1305) 


*Peters, F. P.. ‘‘Casting’s Progress,’ Scuentiric American, March, 1944. 











The Place of the Engineer in the Foundry 
By L. J. FLetcnHer*, Peorta, IL. 
INTRODUCTION 

1. Let us examine this title before diving in. What is meant by an engi- 
neer? For the purpose of this discussion, the term “engineer” will refer to 
the young college graduate in mechanical, metallurgical or some other basi 
engineering course. The young engineer, we assume, will know well his 
fundamental sciences, such as physics, .chemistry, mathematics, materials and 
the other scientific subjects closely related to his major field. He may or may 
not have any knowledge whatsoever of foundry practices. As for the term 
“foundry,” we will consider the entire enterprise, from the purchasing of 
materials to sales and collection. 

2. You properly may ask, “Why represent the engineer by an inexperi- 
enced, untried graduate full of theory and questions about the foundry 
business?” There are two reasons. First, the new graduate from a good 
engineering course is a fairly “standard package” as far as knowledge is 
concerned. Second, education is not a matter of years in school or college, 
or of academic degrees. No one has ever received an education. Everyone 
is self-educated. To learn requires study, and study is work. No one can 
supply this work but the learner himself, and this work may be done in many 
places and under many circumstances. True, a college professor helps to 
point the way and judge the progress. When an engineer has reached the 
place where he has demonstrated his technical skill in the solving of the 
world’s problems, we are but little concerned with how or where he gained 
his ability. In fact, it has been said that engineering is simply an orderly or 
systematic way of thinking or acting, just as science is sometimes defined as 
“organized knowledge.” 


ArT, CRAFT AND SCIENCE 
3. Right here is a good place to present one of the major factors facing 
any engineer inexperienced in the foundry business, be he young or old. 
A foundryman represents one of the oldest crafts or arts in the world. The 
early history of the casting of metals is lost in antiquity. In common with all 


other arts, the foundryman has carried his share of craft or trade secrets or 


*Director of Training, Caterpillar Tractor Co, ‘ : 
Nore: This paper was presented at a Session of Engineers in the Foundry of the 48th Annual Meet: 
ing, American Foundrymen’s Association, Buffalo, N. Y., April 26, 1 
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traditions, but, as in other arts, to the craftsmanship of the foundry there is 
now being added the contributions of the scientist. 


Science in Agriculture 

4. Let us compare the foundry with even an older art or craft—agriculture. 
Only within the past century have fewer than one-half of the working people 
of any country devoted their energies to other activities than agriculture. It is 
the oldest and the largest of crafts. How did they do before science came 
along to team up and pull its share of the load? Livestock died of plagues, 
crops failed or blighted, famine was the constant fear of every people. 

A Harvard economist, E. M. East, wrote in 1923, in his book, Mankind 
at the Cross Roads, “The world will be filled with people without faith or 
hope, a seething mass of discontented humanity struggling for mere existence, 
within the span of a single life time. . . . This is the world question. It is a 
question of reducing a swiftly increasing population to fit a rapidly diminish- 
ing food supply.” Mr. East could forecast the “art” of agriculture but not 
the application of the unpredictable “science” of agriculture. 

6. We would not have our ample supply of bacon and ham today if agri- 
culture had remained a craft. The cure for hog cholera was not discovered 
on the farm but in the laboratories of bacteriologists and chemists. All the 
legions of plant and animal pests and diseases would march unopposed across 
tis land if they were not held in check by the timely and correct application 
} sprays and dusts and dips. The control for each of these pests called for 
patient and exact application of scientific facts which previously had been 
discovered and unselfishly recorded and published so that others could carry on. 

7. Scientists interested in plant breeding have developed varieties of wheat 
and oats resistant to smut and rust. It is likely, also, that the young mycolo- 
gists who collected the spores of these fungus diseases in the fields of wheat 
and oats might have failed miserably as binder operators or in tending a 
grain separator. 

8. Corn growing has received the earnest attention of millions skilled in the 
art of growing this most important crop. Yet, in recent years, men applying 
the science of genetics developed hybrid corn which has resulted in a 25 per 
cent increase in corn production in our Corn Belt. These few scientists could 
rightly accept the credit for our present ability to feed ourselves and the 
millions overseas. 

9. Did the farmer welcome these scientists with open arms? No. Thirty 
years ago the agricultural college graduate, the chap who farmed out of a 
book, had to take a great deal of unfriendly criticism from most farmers. The 
craftsman seldom welcomes the scientist. He who knows “how” but fre- 
quently not “why” has always feared to lose his place. The scientists will not, 
in fact can not, displace the craftsman. Each needs the other. Only through 
the most complete and sincere cooperation can they together push forward 
any industry. 
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Foundry Training 


10. Coming back into the foundry, through what avenues of training oy 
education do men arrive at jobs or positions of importance or responsibility? 
First, there is the man who just “got a job” in a foundry—any job, likely 
learning the art of handling a shovel. He observed what went on about him, 
learned by doing and, in time, was upgraded progressively to more important 
work. His own ability, initiative and resourcefulness set the limit of his rise, 
Second, there is the apprentice. He, too, learns by doing, but he has the 
help of the instructor and benefits much from related classroom instruction 
The apprentice is given every opportunity to learn the “hows and whys” of 
foundry practices and to continue to add to his knowledge after completing his 
apprenticeship. And then third, the engineer. He comes to the foundry 
knowing scientific facts—facts which will not change, laws of physics, laws 
of the behavior of metals. We call this kind of knowledge theory. If he 
stays in the foundry he (somehow) learns to apply this theory to the solution 
of certain types of problems, and he learns a great deal more in addition, 
mainly about getting along with people. 

11. With these three types of training—one, upgrading; two, apprentice, 
and three, engineering, let us analyze more carefully the business of the foundry 
and see if there is any logical way to determine where each fits. Here the 
foundry will be divided into ten divisions. We will line up these divisions on 


the basis of the qualifications of the men who will supervise the work arid 


handle the most responsible jobs in that division. 


Foundry Work Classified 

12. First, therefore, in what type of foundry work will we most likely find 
in charge the No. 1, or upgraded man? In the biggest job of all, (1) Produc- 
tion. Here is employed most of the men. Material must be moved; the 
equipment kept busy; it is where we “get out the iron.” Production here is 
used in a restricted sense. It might be called the “smooth running” or trouble- 
free production, keeping things going when things go right. Then our No. | 
man often shows up in the (2) General Management of a foundry after, it is 
true, much self-education. 

13. Now for the experienced apprentice graduate. He has many places. 
We will start with (3) Personnel work, such as hiring, safety, job classifica- 
tion, rates and the like. Then (4) Training of all kinds, including supervisor 
conferences. He should find a place of importance in (5) Purchasing, where 
his knowledge of the materials used in the foundry is most useful. In the (6) 
Control activities such as inspection, methods, trouble shooting and the like. 
The apprentice should be well suited also for the job of (7) Production 
Planning. 

14. There are seven of the ten divisions and no engineers yet. Well, here 
is their list. One of the main jobs is (8) Research, the search for new or 
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better products, new methods and materials; the solution to the many prob- 
lems arising, for example, in the machining of castings, or for those heart- 
to-heart talks with the engineering or designing departments. (He talks their 
language. They can not scare him with engineering jargon.) Next, the 
engineer, with his knowledge of structural design, should serve well in the 
9) Equipment field. This includes the design of new devices or structures, 
changes in design, installation layouts and certain types of maintenance. And 
then in the (10) Marketing of the product, the engineer will find a place in 
aiding the customer to make the best use of the facilities or product; in fact, 
his training suits him well for sales, advertising and even financing. 

15. Now, just a minute, please. I know that most of you are not in 
complete agreement on from one to all ten of the above allocations of types 
of trained men. I am not going to argue with you. This analysis was made 
simply for the purpose of arousing thought as to where the engineer does fit 
into the foundry. He belongs somewhere. There is a job for him to do. 
The foregoing method of analyzing, if applied to a definite foundry, taking 
into account every influencing factor, could well show where the engineer 
might be needed. Remember the corn farmer. He knows just what it takes 
in machinery, power, labor and materials to plant, cultivate and harvest his 
fields of corn. That calls for a good knowledge of farming on his farm. 
He would not know what to do with a geneticist; in fact, he did not for many 
years. But, finally, the geneticist got an idea; he started in under the ques- 
tioning gaze of the farmer and came up with hybrid corn. Now, the same 
land and the same work produces 5 bushels where 4 formerly grew, and 
remember that the farmer was satisfied with 4 bushels. 


Applied Science in the Foundry 


16. You wonder where this farm and foundry inspection tour is going to 
lead and why we start out with the young engineer. Because, one, the foundry 
should start out with the young engineer and bring him up in the business. 
Two, learning from the other ancient craftsman, the farmer, who is fast be- 
coming a scientist, the foundrymen must increase their faith and confidence 
in the productivity of applied science. 

17. Here are two suggestions which should help get productive work 
from the engineer in the foundry. One, start him off right. I know there are 
good reasons why this start might well consist of a “shovel in the hand and a 
kick in the pants.” You want to show him that there is work to be done 
ina foundry. You want to see if he can take it. Well, who gains if he can 
not take it, or even if he can by the “sink or swim” method. This young 
engineer had something on the ball to finish up a stiff four-year engineering 
course. Two out of every three who start in engineering fail to finish. He 
wants to learn how to apply what he knows. He is not afraid of getting dirty. 
Most young engineers prefer the kinds of jobs that “come off on the clothes,” 
It is altogether the attitude toward him that counts. He will work hard and 
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like it if there are reasons—if he is working to some end, for some purpose 


Is he treated like a pest, or in an understanding way when he asks question; 
on some new job? It may be he asks too many “whys.” How many of yoy 
would like to have a doctor operate on you, whose interneship had been 
served in a hospital where the experienced doctors took the same interest jn 
the new medical graduate as the interest shown in the young engineer in the 
typical foundry? (I know that yours is different.) 


Development of the Engineer in the Foundry 

18. Try this. After the young engineer has become acquainted with 
foundry operations, select one or two problems requiring engineering knowledge 
and experience. Let them be way over his head, if necessary, but give them 
to him. He will make better progress, work harder and be happier working 
on engineering or scientific problems than on any other kind of work you 
can put him. You may think it a waste of time but, before you cross it off 
the list, try it once, anyway. If you have done the right kind of a job in 
selecting your man when you hired this young engineer, he will surprise you. 
Give him engineering responsibility. That is the way to develop him. 

19. The other and concluding suggestion as to how to get productive 
work from your young engineer has to do with getting the engineer into the 
foundry in the first place. Why not change the display in the show window? 
What do I mean? How do foundrymen describe the foundry job when young 
engineers are within earshot? “If you like hot, dirty work, get yourself a job 
in a foundry,” is the usual style. A variation is, “Are you sure you want a 
foundry job? It is real work and lots of it. No white collars.” 

20. Why not tell the whole truth. Of all the occupations of which I know, 
those engaged in foundry work have the greatest attachment to their job 
environment. They love it. The foundryman loves the smells of burning 
core oils, the action, the hot metals, the feeling of accomplishment that comes 
from creating sound castings from the piles of scrap and pig and coke and 
limestone and sand. It is the love of the true craftsman for his craft. The 
foundry, at work, is a living, dynamic, coordinated force. Gentlemen, you can 
offer this young engineer the opportunity of serving with his science a great 
industry, the foundry business, and, in return, you will give him the privilege 


of becoming one of you. 
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DISCUSSION 

Presiding: C. V. Nass, Pettibone Mulliken Corp., Chicago, III. 

C. J. Freunp’: What is the sum total of time which is devoted by the college grad- 
yate to that successive training program in the various foundry departments? 

Mr. Heater: That depends on the individual plant, the variety of work that they 
make, or I should say the individual company, which might include several plants, each 
of which is following slightly different practices. If you want to give them a full train- 
ing, it would involve covering all of those plants. I think that a year in a normal size 
foundry, and in a normal type of production, ought to give them a general idea of the 
foundry business. There is no royal road to learning the foundry business. Perhaps some 
of you could cover the operations of your own particular plant in 6 months, and another 
plant might take 3 years. It should be broad enough so that the man will get a compre- 
hensive idea of the operations that you expect him to participate in and, ultimately, to 
take part in directing, and it should be short enough so that he does not get into a dead 
end, doing repetitive work where his talent is not utilized to any extent. 

W. M. SHEEHAN’: I am not the least bit concerned about finding a useful place in 
the foundry for the young engineers. Ti.c foundry art probably has had less science 
applied to it than any of the mechanice" arts, and I believe one of the principal reasons 
js that we have not attempted to seli « ~- industry to men who are being scientifically 
trained. 

We should not bring these men in and ..ddle them. We must make the opportunities 
that the foundry art has to offer appear in the romantic light that it really has. 

A realization has recently come into the minds of designing engineers that gray iron 
is a real mechanical engineering material. And why is that? It is because of the appli- 
cation of scientific principles to the gray iron foundry industry. 

I will not attempt to go into the non-ferrous casting field, but certainly in the steel 
castings industry there is a tremendous opportunity. For most purposes, I think we will 
agree that a steel casting, properly made—and that is the only kind that should be 
made—is better than a forging, is better than most fabricated welded products; and if 
we can get young men with the proper foundation to come into our industry and learn 
something about it, and thus be in a position to apply some of the scientific knowledge 
that they have acquired, we are not only going to do a great thing for the foundry 
industry itself but we are going to give those young men, as Mr. Heater said, an oppor- 
tunity for a career. 

CHAIRMAN Nass: With the rigid specifications which we have to meet in the foundry 
industry today, inspection by radiography and magnaflux, and with metallurgy still in 
its infancy, if we are going to progress as we should we must have trained engineers, 
trained technicians, and trained scientists. I believe that as a group we must do a job 
of selling the foundry industry that will bring the trained men that we need to the 
industry. 

MEMBER: As to engineers in the pattern shop. Do you mean in the pattern shop or 
the pattern department, the designing of patterns? 

Mr. Heater: I believe that an engineer could make a very good pattern maker, if 
you want to keep him there. He ought to make a much better pattern maker than a 
man who has just served a pattern apprenticeship, because he knows far more of the 
ramifications of why there is a pattern in the first place. I think it would be a waste 
of an engineer to leave him in the pattern shop. And when I say the pattern shop, I 
mean actually producing patterns. Certainly he would be better designing patterns than 


"1 Dean, College of Engineering, University of Detroit, Detroit, Mich. 
2 Asst. Vice ies.. General Steel Castings Corp., Eddystone, Pa. 
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building patterns. Certainly he would be better as the pattern foreman. Certainly bh, 
would be better as the next step, the general superintendent of the foundry and the 
pattern shop, and from there on up as he moves ahead. 


I do not suggest that you use engineers and confine them to any of the minor jobs 
for good. But where do you get the men for your higher jobs? You get them out of 
the men who are holding the minor jobs, and unless you have some good men in minor 
jobs it is going to be difficult when there is a higher job to fill. That is why I say that 
engineers can be used in the pattern shop or the core room or any other place. They 
ought to be able to serve very effectively in any of those jobs. 

CHAIRMAN Nass: Mr. Heater said that he felt there were at least equal opportunities 
for the engineer in the foundry industry. I believe that with the lack of technical) 
trained men in the foundry industry, there are more opportunities in the foundry industry 
than in the other engineering industries, and there will continue to be until such time 
as the foundry industry is flooded with engineers. 


F. G. Serine’: I presume that everyone who came here came in the interest of engi- 
neers in the foundry. When it was suggested by one of the speakers that he hoped thes 
talks could be given before those who are not much interested in engineers in the 
foundry, it made me think of the rather proverbial minister who is constantly berating 
the people who do come to church about those people who do not attend. Those men 
who are here are interested and it is certainly gratifying to see that the interest is 
becoming more and more active. 

At the Committee meeting this afternoon, it was reviewed that for almost 20 years 
the Committee has been exciting interest for foundries in the schools and colleges of the 
country. We believe that a great deal of work along that line has been done, at least 
to the extent that the schools now say, “We do have young engineers for the foundry, 
but they just have a hard time getting a job.’ 
tion about three years ago, we began to take the other tack of running our activities over 


’ 


When this was first brought to our atten- 


toward the foundries. 


To that end, our Committee is hoping to work, and we obviously need the cooperation 
of you men in the industry and, of course, you men who are in the schools, and it is 
gratifying to see that we are making progress. 

We do not expect to do this kind of a job in a year. Indeed, the whole program is 
an educatioal program, and those of us who have been in educational work kaow that 
it is a long, slow program. It takes in the neighborhood of 20 or 22 years to educate 
a boy into an engineer, and then he is only ready to begin to work, and it takes another 
10 years to make a good foundryman out of him. Therefore, the whole program is a 
long-time project. Therefore, we have to be patient, but we believe that by workirg 
constantly and exercising a lot of patience, we will achieve the end that we are inter- 
ested in. 

However, these comments are projected way out into the future. The immediate 
problems are what can I do to get these men? How do I get one particular man? What 
do I do with him when I get him? It is one thing to say that you are gaing to put him 
into the core room for two weeks, but be careful that the core room foreman does not 
kick him out. 

D. P. Forses*: I do think that the engineering in foundries is a very important 
thing, and it is hard to attract engineers to foundries, and also, it is hard to educate a 
foundryman to know what to do with a young engineer when he gets him. As has been 
brought out, the problem must be approached from both angles. 


Res. Met., International Nickel Co., New York 
4 Pres., Gunite Foundries Corp., Rockford, Ill. 
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Mr. SHEEHAN: Mr. Forbes has put his finger on the two problems. One is that we 
have got to educate the educators who are attempting to educate the fellows that we 
want to help educate. 

In talking recently with the dean of engineering of one of our largest universities, I 
was outlining to him what seemed to me to be the importance of getting technically 
trained men into the foundry industry, and he said, “Why under the sun would a college 
graduate want to go into the foundry?” 

Seriously, that is the impression that many educators have. They have not the faintest 
idea of our industry, and I believe that one of the most important things that the Com- 
mittee could do would be to draw up a specification to send around to these educators 
to tell them what the foundry business has to offer the trained engineer, and then to 
draw up another specification for the executive in the foundry industry to let him know 
what the technically trained men can do for his business and for his earnings. I believe 
that if we did that twofold job, we would make real progress. 


CHAIRMAN Nass: There are very few colleges in this country that offer strictly 
foundry engineering courses. Mr. Heater brought out the point that eventually an 
engineer uses all branches of his engineering education in the foundry. I know that I 
have, and I am sure most of us have wished many times that we had had more civil, 
structural, electrical, mechanical and metallurgical work along with that in which we 
specialized, because there does come the day when we need it, surely, in the foundry 
industry. 

Mr. SEFING: With regard to the lack of college courses in foundry engineering, I 
believe that much more important than a course in foundry engineering is a good 
grounding in engineering, any kind of engineering. But somewhere in the college the 
student must acquire an abiding zest for getting into the foundry business. He may have 
all the necessary courses in a foundry engineering course, the finest that any school in 
the world can offer, but if he does not have this consuming desire to be in the foundry 
and to follow it as a career, he will be worthless to the foundry. 

On the other hand, a young man who has been trained in civil engineering but who 
really sees a fascination in the foundry, any one of us in the industry can make a foun- 
dryman of him. So whether or not he has had a foundry training in college is not too 
important. 

CHAIRMAN Nass: Mr.. Heater, you mentioned in your paper that you liked the idea 
of cooperative engineering courses. 

Mr. Heater: It is rather difficult to recommend to the foundry industry as a whole 
that it look to cooperative engineering schools for engineers to go into the industry, 
because there are not many cooperative schools. I believe that there are going to be 
many more. I like the idea because, along with theoretical training, the student is also 
witnessing in his alternate periods, actual applications of some of those theoretical things 
that he is learning about. 

I would like to stress again that I do not believe that it makes much difference what 
kind of an engineering course is taken, and I am not absolutely convinced that it has 
to be engineering. What I like about an engineering course, and why I stress the hiring 
of young engineers, is because an engineering education is primarily a training in sound, 
logical, fundamental thinking, breaking down problems to their fundamentals before 
starting to solve that problem. 

Now, when we talk about problems, I do not mean, necessarily, breakdowns or strikes 
or a heat that goes sour or anything of that sort. The whole foundry business is a prob- 
lem every day, as is any other business. When I speak of problems, I speak of finding 
some way to do better those things that we are doing in our stupid ways from day to 
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day. After we find some other way to do it, we wonder why we did not think of that 
before. But that is why I like the idea of engineers for a foundry, because they hay. 
been trained to approach the solution of problems, or let us say every-day procedures, to 
analyze them, break them down to fundamentals, and from there try to arrive at more 
satisfactory means of doing those things 


So I am nov too enthusiastic about very highly specialized training in the foundn 
business. As Mr. Sefing brings out, let us have more training in the analysis of problems 
and fundamental, good, sound thinking, and the details will come later when we start 
applying them to every-day practice. If you have access to students from cooperative 
schools, I do recommend that you book into those rather carefully if you are considering 
putting young engineers to work. Our experience with them has been successful, and 
we expect to utilize them considerably. 


R. R. Dry When it was built, Buffalo Technical High School had a foundry jy 
one of its shops. We have since had a course in metallography and we have a pattern 
shop. All of these shops are there for the purpose of acting as related fields to a major 


junior technical cours¢ 


he question I want to put is this: Is it desirable to have a full high school cours 
in the foundry field in a technical high school? By a technical high school I mean a 
school in which the trade end is not emphasized but the junior engineering is empha- 
sized; a school in which a five-year program might be an optional offering. 


F. E. Wartcow The Chicago Chapter of A.F.A. sponsors the foundry exhibit at 
the Museum of Science and Industry, and the foundry is being run by students from 
the Washburne Trade School as part of their training program. 


Mr. Heater: I do not like the idea, unless you want to train them in a trade. I do 
not like very much the idea of getting an education in order to make a living. I like the 
idea of getting an education to enjoy a living. I believe that anyone who wants an 
education should be permitted to have it. I do not believe that anyone should be forced 
to have an education. In other words, it should not be given to them; they should get 
it. However, there is a place for it, but primarily the place for it is a vocational school 
rather than as a preliminary training to a technical course in a college. 

I believe that the engineering training in the United States is becoming too special- 
ized, too technical. We are narrowing our engineers too much, instead of taking the 
opposite tack and broadening them. I do not believe that engineers are going to be as 
good people as they ought to be if their education is confined strictly to engineering 
Hence, I quarrel with the advisability of carrying that even further down the scale of 
education in the youngsters, where we ought to be trying to inspire them with a desire 
for knowledge rather than with a desire for training along some one specific line. It is 
all right if you want it as a trade school for those who are going to take that training 
for a vocation. 

Mr. FLetcHer: I would like to discuss the problem raised by Mr. Dry and also Mr. 
Heater’s remarks on this matter of broader engineering education. 

People become interested in different subjects at various ages. Young engineers are 
more interested in technical matters while older people become interested in human 
relations. Mr. Heater’s experiences in his factory have caused him to become more 
interested in people, and he hopes he can get a young man who has learned, in some 
mysterious way, all about things and also all about people. 


I have concluded that we learn about things from books, in the laboratory and in the 


Principal, Buffalo Technical High School, Buffalo, N. Y 
6 American Steel Foundries, Chicago, lil 
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classroom, but there is just one place to learn about people and that is from people. 
There is no short-cutting. 

Our age indicates our interest, and I think the place to do the job is where the 
interest is. The young man is interested in what we normally call engineering, that is, 
dealing with the forces of nature and materials and how to help mankind use them; 
and as we come along in years, we become more interested in folks. I believe that is 
somewhat the answer. 


MemBER: Many here seem to think that just a college student is good enough for 
the foundry. Every other industry takes college men and tries to make something out of 
them, and they always pick the one in their own field. Would it not be better to have 
a man educated in the foundry business? 

Mr. Serinc: I was asked to survey the various courses in engineering to find out 
what was the diversion between chemical, mechanical, electrical, etc. On the average, 
the diversion is about 20 per cent. In other words, all of the engineers take about 80 
per cent of their work in common, and the difference is in such courses as bridges in 
civil engineering, corresponding to machine design with mechanical engineers, and elec- 
trical equipment with the electrical engineers. They are really educated along the lines 
of the general engineering program. 

However, for a man who wants to get into the foundry business, it is the easiest to 
excite his interest by having a foundry at that school, showing him what some of the 
interesting features of foundry work are and pointing out some of the fascinating prob- 
lems that can come up in a foundry. 

DeAN Freunp: There is no question but that in engineering education there is a 
very pronounced trend, which will be discovered in revised curricula within 4 or 5 
years, towards amplification of mathematics, chemistry, physics, hydraulics, statics, dyna- 
mics, materials, etc., and a very pronounced diminution of design courses, Diesel engine 
courses, internal combustion engines, steam power and all the rest of it. The engineering 
graduate of 6 or 7 years from now will be required to learn those detailed techniques 
pretty largely in the industries, and he will have a much stronger foundation than he 
now has in the larger and more basic, more fundamental things. The tendency is sharply 
in that direction, and it is going in that direction simply on the basis of experience which 
employers are having with their college graduates, It is a trend which is taking place 
in response to a very definite need. 

Now, I know that the young boy, the first year he is out, wishes he had been taught 
more skills, because he feels that then he might be able to earn more, he might more 
successfully compete with others who have been longer in the business. That is a natural 
viewpoint, but it is not a sound viewpoint. 

Mr. SHEEHAN: I am opposed to specialized engineering training in the colleges. 
What our coming engineers need, in my opinion, is more basic science. Let them get 
the specialized training after they get out of college. I believe that the trend of engi- 
neering education is going to be in that direction. 

We are talking about getting engineers into the foundry. I believe that our biggest 
job is selling the educators in the engineering schools as to what the foundry industry 
has to offer men. It is a most romantic industry. The 30 years that I have spent in 
this industry have been the most interesting that I could imagine. I would not exchange 
those 30 years for anything that this world has to offer in the way of industry. If we 
could just get that spirit of romance into the minds of educators, we would have no 
difficulty in recruiting the ranks of young junior engineers who want to learn the 
foundry business. The place to learn the foundry business is in the foundry, and an 
engineer can do a lot better in the foundry business than one who has not this training. 
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Mr. FLetcHer: We are not dealing with a constant when we talk about a college 


graduate ; we are dealing with individuals and individuals vary. I would say, from 1) 
years of experience as a college professor plus 17 years of industrial experience, tha 
over one-half of what the graduate amounts to when he graduates, he brought with him 
into the school. He is the product of home training and environment. And when the 
man comes out of school, he is an individual. So do not think that if a college graduate 
fails in your foundry that it is a college graduate who has failed. It is an individual who 
has failed, or perhaps you have failed. 

W. H. Courter’: Seventeen years ago we decided to put an engineer into the plant 
in any Capacity and see what we could do with him, and it happened that there were 
difficulties in the electro plating room at that time. In less than 6 weeks that engineer 
had adjusted the process so that we could take all of the electrical energy formerly going 
into the strip tanks for defective pieces and thus double the electroplating capacity. I do 
not see why we could not do the same thing for the foundry. 

It seems to me that, in addition to selling the management on the idea of putting 
an engineer in the foundry, we will have to sell the management on the idea that the 
engineer is going to require some backing. 

Mr. FLetTcHeER: It is the function of a training department to give the young engi- 
neer a period of orientation training to cover, in an understanding manner, that transi- 
tion period between the college and the actual productive work in the plant. 

CHAIRMAN Nass: I believe that if management is not responsive to engineering in the 
foundry, competition will make it that way or there will not be any foundry. 


TAsst. Gen. Mer., Coulter Copper & Brass Co., Ltd., Toronto, Ont., Canada. 
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Report of the Subcommittee on Sintering Test, 
Foundry Sand Research Committee, 1934-1944 


The work of the subcommittee during the past year has been a continuation 
of previous work, being primarily a study of the behavior of sand when in 
contact with molten iron. This work has not been as extensive as the study 
of sands in contact with molten steel, reported by one of the members of the 
committee last year, having consisted of microscopic examination of specimens 
of “burnt on” or adhering sand, collected from a few iron foundries. 

All samples examined so far show the same mechanism of adherence that 
was found with steel sands, namely, penetration of the iron into the sand. 
Again this penetration was found to be mechanical, caused by too large voids 
present in the sand as rammed, due to fusion and the opening of large voids 
because of this fusion, or due to veining caused by dimensional instability. 

The fact that all samples of adhering sand in iron practice, shown in this 
report, are due to penetration does not preclude the possibility of adhering 
sand due solely to fusion at the sand metal interface and no penetration. 

A number of iron foundrymen claim that the latter mechanism has been 
observed in iron practice, but as yet have not submitted specimens. As the 
proof that it is necessary to have penetration in order for the sand to adhere 
to the surface of the casting is negative, it will be necessary to examine many 
more samples of adhering sand in iron practice before we can say that adher- 
ence without penetration is, or is not, possible. 


DEFINITIONS OF SINTERING DiscuSsED 
The committee would like to call to the attention of the industry the exact 
definitions of the two sintering points now in use. Definitions may seem 
academic, but in this particular case they are very important, for they explain 
just what is occurring during the test. Indications are that almost the same 
action occurs when molten metal comes in contact with a molding material. 
The definition of the “A” sintering point follows: 


The “A” sintering point is the lowest temperature at which the 
surface of the sand specimen in contact with the platinum ribbon has 
sintered enough to adhere to the ribbon with sufficient force to bend 
it when it is lifted. 


That for the “B” point: 
The “B” sintering point is the lowest temperature at which the 


Nore: This report was presented at a Foundry Sand Development Session of the 48th Annual Meet- 
ing, American Foundrymen’s Association, Buffalo, N. Y., April 26, 1944. 
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smaller grains can be seen to start to fuse at low magnifications 
20 to 25 diameters. This is the point of incipient fusion. 

These definitions emphasize one very important point—the sintering or 
fusion at the “A” and “B” sintering points is microscopic. This is where the 
sintering points differ the most from the classic tests for fusion, such as the 
pyrometric cone equivalent test. 

The reason that the sintering test can be correlated with the behavior of 
the sand in contact with molten metal is due to this fact; fusion im microscopic 
dimensions can cause adhering sand. Penetration of the sand by the metal 
of just a few thousandths of an inch can cause serious “burn on” or adherence. 
Extreme cases of “burn on” or adherence will occur before an appreciable 
portion of the sand mass as a whole is affected. 


A DIFFERENT VIEWPOINT 


An important correlative of this viewpoint is that a number of variables 
will affect the sintering points and the behavior of the sand in contact with 
molten metal, having no effect on the classical tests such as fusion tests and 
pyrometric cone tests. Both of these latter tests determine the fusion of 
softening of the mass as a whole, and under conditions that appreach equi- 
librium and infinite time. 

The sintering test, on the other hand, is conducted, not under equilibrium 
conditions but under controlled disequilibrium conditions. This is important, 
as conditions in the foundry are such that equilibrium is never attained when 
metal comes in contact with molding sand containing silica or silicates, except 
in case of very massive castings. 

The foundryman, accustomed to thinking of metals with sharp melting 
points, must change his viewpoint when thinking of silica or high silica silicates. 
These materials do not melt, as do metals, into liquid phases with viscosities 
approaching that of water. 

On the contrary, liquid silica and high silica silicates, just above the liquidus 
line, are almost as viscous as when they are solid, and they must be superheated 
several hundred degrees before they become fluid in the sense that a metal 
is fluid. 


This is doubly important when dealing with a material of non-uniform 


particle size, such as molding sand. Silica differs from a metal in another 
respect in that melting occurs only at the outside surfaces of the particle, 


whereas melting can occur within a particle or crystal of metal. 

This means that, with increasing temperature, the smaller particles of a 
molding sand will melt and become fairly fluid long before the larger particles 
are affected by the heat. This is exactly what happens in practice when a 
sand starts to fuse. It is possible to have, what is for all practical purposes, 
complete breakdown of the sand and still have the larger grains of the sand 
unaltered by the heat. 








or 
the 
the 





SUBCOMMITTEE REPORT 1313 


Silica is just as sluggish chemically as it is physically. Therefore, impurities 
have a much greater effect on the sintering points and behavior of the sand in 
the foundry, when they are present in the A.F.A. silica phase, than when they 
are present as a separate phase in the A.F.A. clay fraction. 


EFFECT oF TIME 

Both of these variables, particle size and distribution of impurities have no 
appreciable effect under equilibrium conditions such as present in the pyro- 
metric cone test. The big difference here is time or, to put it more exactly, 
disequilibrium. 

Any other variable, when dealing with silica, in which time is a factor 
will also affect the sintering test and the behavior of the sand in contact with 
liquid metal, and will have little or no effect on the classical methods of 
determining the melting cr softening points of silica. 

The committee would also like to discourage the use of the terms “burnt 
on sand” and “burn on” to describe the condition of sand adhering to the 
outer surfaces of a casting, and substitute the terms adhering sand and adher- 
ence, since they would be more appropriate. 

Terms using the word “burn” imply a heat effect, fusion, or at least sinter- 
ing. In reality, heat, fusion or sintering is only one of a number of causes 
of adhering sand, some of which are simply mechanical and can occur with 
no heat other than that required to heat the sand to above the melting point 
of the metal. 


MECHANISM OF ADHERING SAND IN IRON PRACTICE 


Figures 1 and 2 show two examples of adhering sand from one iron foundry, 
and they are interesting because they show two mechanisms of adherence. 
Both samples were from the same castings, the only difference being that the 
two castings were poured in different sands. 

Figure 1 shows the sand metal interface when a low sintering point sand 
was used (“B” point 2250° F.) ; the sand also contained calcium and magne- 
sium carbonates. The smaller particles of this sand have fused completely, 
the silica grains have not been affected by the temperature of molten iron. 
Adherence in this case was serious, with the sand permeated by the molten iron. 

Figure 2 shows the sand metal interface of the same casting poured in a 
high sintering point sand (“B” point 2700° F.). This is interesting because it 
shows what trouble can be expected if one simply increases the sintering point 
of the sand without taking into consideration the other causes of penetration. 

The amount of adhering sand in this case is almost as great as when the 
very low sintering point sand was used, the only difference being that this sand 
could be removed fairly easily from the surface of the castings while that 
shown in Fig. 1 was almost impossible to remove. The adhering sand shown 
in Fig. 2 is due to mechanical penetration and may be due to the sand actually 








1314 SINTERING Test 


being too refractory. This is a good example of why “burn on” is such a 
poor descriptive term. 

That the adhering sand, shown in Fig. 2, is due to mechanical penetration 
can be seen by comparing the condition of the colloids in Figs. 1 and 2. 


In Fig. 1 the colloids have fused completely and have drawn themselves 


around the unaltered silica grains, opening up voids for the metal to penetrate. 
Che colloids shown in Fig. 2 have hardly been affected by the temperature 
of the molten iron. 

CAUSES OF PENETRATION 

Although the penetration in Fig. 2 is definitely due to mechanical penetra- 
tion, the cause of this penetration cannot be proved by a simple microscopic 
study. Mechanical penetration can be due to too large grain size, soft ram- 
ming, or veining or cracking of the sand surface in contact with the metal, 
due to dimensional instability. ‘This part of the investigation must be done by 
someone in the plant itself and cannot be done at another laboratory located 
miles away. 

Figure 3 shows another example of sand adhering to an iron casting. The 
very large voids between the silica grains are completely filled with iron. 
Penetration in this case probably is due to soft ramming. At least it would 
be true for steel. 

If the graphite flakes in Fig. 3 are neglected, the penetration in this sample 
is indistinguishable from that in Fig. 4, penetration into a steel sand that was 


proved to be due to soft ramming. 


Lertr—IrRon Penetration Duet to Fusion. VerticaL Intumimnation. (XX 25). Fic. 2—Ricut 
MECHANICAL PENETRATION OF IRON. VerticaL ILLumINATION. (X 25). 
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Lertr—PENETRATION OF IRON INTO SAND, Due Propas.ty to Sorr RAMMING. VERTICAL ILLUMINATION. 


x 25). Fic. 4—Ricnut—Penetration or Steet into SANp, Proven tro Be Due to Sorr RAMMING. VeERTI- 
CAL IntumMrInaTION. (XX 25). 


Figure 5 shows a case of adhering sand on an iron casting, due to veining or 
dimensional instability. A number of foundrymen have confused this type of 
penetration with uniform penetration. It is important to distinguish these two 
types of penetration, as the mode of attack for their elimination is entirely 
different. 

Note in this photomicrograph (Fig. 5) the continuous vein of iron at the 
left with a dense unpenetrated sand mass to the right. This condition is much 
plainer under visual examination than when photographed. 


SmmpLe VISUAL EXAMINATION 

No elaborate sample preparation is required for visual examination. All 
that is necessary is that the metal with the sand adhering to it, or the sand 
metal mixture, be ground on a fairly fine wheel. The metal stands out bril- 
liantly from the dark sand mass and the mode of penetration is unmistakable 
to the observer. 

Veining seems to be at least partially dependent on the relation between the 
pouring temperature of: the metal and the “B” sintering point of the sand. 
A trace of fusion at the sand metal interface seems to act as a cushion or, 
perhaps, more like a glue and holds the sand together until the metal forms 
a solidified skin. 

This is borne out in steel practice by the use of iron oxide, a compound 
that lowers the “B” sintering point slightly as well as increases the hot strength. 
It may be that in iron and non-ferrous practice a stronger flux would be bene- 
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Fic, 5—PenetrRaTION Due To Verninc. COMBINATION, VERTICAL AND OsLigueE JLLUMINATION. 


ficial. It is significant that veining is more prevalent on iron and non-ferrous 
castings than on steel castings, with their much higher temperatures at the 
sand metal interface. 
SAMPLES REQUESTED 

This report is submitted by the committee primarily to promote thought and 
discussion. It should be emphasized that a number of theories, especially 
regarding the mechanism of veining, require experimental. confirmation. The 
committee is very anxious to receive samples of adhering sand, especially those 
that seem to be due to fusion without penetration, and samples of veining. 


The samples need not be large, one-half sq. in. of surface is sufficient. They 
can be sent to any member of the committee, or to the national office of the 


American Foundrymen’s Association. 
SUBCOMMITTEE ON SINTERING TEST 


J. B. Carne, Chairman H. W. DieTert 
K. J. JAcoBpson L. B. OsBorn 
W. C. Cress H. F. Taytor 
D. E. CuTLER R. O. WERTz 











Thermosetting Plastic Core Binders for Ferrous and 
Non-Ferrous Metals 


By Wiiiiam C. Morcan*, Detroit, MICH 


Abstract 


In this paper will be discussed types of thermosetting plastic core 
binders and their related factors in ferrous and non-ferrous metals; the 
relation of these binders to casting quality and the characteristics of the 
binders in reaction with sand and ingredients in the core sand formula. 
We will discuss their workability in the core room, including baking, col- 
lapsibility, gas and retained strength of the core. We will also deal 
with the procedure and results of experiments conducted to determine 
requirements of such binders in several foundries. 


|. Our interest in thermosetting plastics for core binders began some 3 years 
ago when, after several years of contact with the foundries, we concluded that 
many desirable features were not being realized from the present core binders 
in general. These desirable factors were probably more clearly realized with 
the advent of mass production of aluminum and magnesium castings. We 
realized that improvements could be made to reduce blows from gas, metal 
oxidation, cracked castings, and in knock-out qualities. If these problems were 
to be overcome, it was apparent that an improvement in core binders would 
materially aid the non-ferrous foundry industry and the war effort. 


2. In our development of thermosetting »lastic core binders, we soon recog- 
nized the fact that plastics in their neat form did not constitute the perfect core 
binder, such as so many foundries would like to have. Their principal dis- 
advantages were odor, stickiness in the core box, storage life and critical baking 
temperature. 


Core BINDER CHARACTERISTICS 


> 


3. The characteristics which would produce a more desirable core binder 
and which would approach the foundryman’s idea of a perfect core binder 
were chosen as follows: 
(1) More rapid collapsibility. 
(2) Low retained strength. 
(3) Ease of shake-out. 
(4) Low gas content. 
(5) Workability in the core box. 
*Foundry Engineer, E. F. Houghton & Co. ' 
Nore: is paper was presented at a Sand Shop Course Session of the 48th Annual Meeting, American 
Foundrymen’s Association, Buffalo, N. Y., April 25, 1944. 
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(6) The core binder should work with low moisture content. 
7) Reduce the amount of certain ingredients in the core mix. 
(8) High hot strength for ferrous and some non-ferrous metals. 
9) Resist metal penetration. 
10) Produce a protective atmosphere. 
(11) Ease of mixing and thoroughness of distribution in the core sand. 
(12) Reduce the number of core sand mixtures in the core room. 

4. While these factors may not represent all the desirable factors of a core 
binder, we find that the variation in practice between foundries offers serious 
problems in producing a perfect core binder. Such problems as inadequate 
mixing equipment, limited oven capacity, type of sand, conditions of sand as 
received and the handling of baked cores are peculiar to the individual 
foundry. 


Classification 
5. In the following outline are classified the various binders currently used 
in volume in core sand: 
(1) Oil binders to produce baked strength. 
a Mineral resin oils which partially polymerize on heating to gain 
their strength. 
b Vegetable oils which gain their strength by combination with 
oxygen on heating. 
¢ Marine animal oils. 
(2) Cereal binders for green strength. 
a Gelatinized starches. 
b Dextrine. 
c Gelatinized corn flour. 
(3) Bentonites for green strength. 
a Western. 
b Southern. 
) Plastic cere binders which entirely or partially replace types 1, 2 


and 3. 
a Minerals in combination with organic materi: . and synthetic 
resins. 
While this outline does not include all materials used in binding core sand in 
the foundry industry, it serves to relate the characteristics of the various bind- 
ers used in our development. 

6. The aim of this paper is to bring up to date the work that has been 
carried on in various non-ferrous foundries, and to introduce the advantages 
of thermosetting plastics for ferrous foundries. Since we met last year, several 
magnesium foundries have adopted plastic core binders to the extent of 80 per 
cent of their binder requirements Several aluminum foundries have shown 
interest, and some have adopted this type of binder to the extent of 50 per 
cent of their binder requirements. In fact, many castings are now being pro- 
duced with the aid of plastic-bonded cores where it was not economical to 
produce them with oil and cereal binders because of excessive scrap loss. 

7. In our development we realized a desire to produce binders which would 
afford high tensile strengths at low moistures, so as to give workability in the 
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core box comparable to oil-sand mixtures. Binders have been developed for 
the white metals and ferrous applications, as well as for brass and bronze. 


8. So that we may more thoroughly understand the binding action of 
thermosetting plastics in sand, let us consider the chemical action involved. 
Naturally, anyone using resins desires to know how long the product con- 
taining resin should be cured under heat, and the temperature required to 
properly set the plastic. 


Polymerization 

9. The term “cure” is commonly used, but a more correct term is polymer- 
ization. Phenol and urea-formaldehyde plastics polymerize to develop a long- 
chain product, in changing from soluble-fusible form to the final insoluble- 
infusible stage. For most commercial uses, particularly with molding com- 
pounds, the product is considered sufficiently cured when the compound con- 
taining resin has passed the blistering stage and is quite rigid while still hot. 
In the reaction of liquid plastics water is split off, which is referred to as con- 
densation polymerization. Heat accelerates polymerization. In slightly acid 
or neutral conditions, the reaction progresses at a much slower rate, which 
makes possible the use of resins as sand binders. A common test to determine 
when this stage has been reached is to soak a baked core section in acetone 
for at least 10 min., or to rub it with a clean cloth soaked in acetone. If there 
is no discoloration or tendency to stickiness, the resin may be considered as 
substantially cured. 

10. By taking advantage of this simple test, we are now in a better position 
than ever to determine when the cores are thoroughly baked. Because of the 
type of reaction involved, as previously mentioned, a more stable end point 
is reached in baking than in the case of oils and cereal binders, whose reactions 
are largely oxidization, and which continue at an accelerated rate as long as 
heat is applied. However, there are exceptions to this in the case of mineral 
polymer oils, which gain some of their strength through polymerization. 


Core Baking Temperatures 


11. At this point it is in order to mention that the optimum baking tem- 
perature for thermosetting plastic core binders for white metals is 325° F., and 
for thermosetting binders for ferrous metals and brass is 450° F. 


12. In addition to the advantage of determining when a core is thoroughly 
baked, there is another important advantage in the stability of reaction. 
When the resin has polymerized and heating continues, there is, of course, 
no further gain in strength and only a moderate loss. However, oxidation of 
the cereal continues with heating, which results in the “burning out” of a gas- 
forming product. Since cereals are ordinarily used to produce green strength 
properties, their purpose is served when a green core has started to bake. 
However, it is true that cereals produce dry strength, but this strength can 
be sacrificed to some extent to eliminate gas. 
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“Curing” 

13. The speed at which a particular plastic cures is primarily dependent on 
the temperature used. The law of chemical reactions applies to plastics to a 
considerable extent. “For every 10° C. rise in temperature, the speed of 
reaction approximately doubles.” The following example illustrates this: 

A film containing 1.4 to 1.8 mg. per sq. in. of resin was spread on tin 
plate and baked in a circulating oven until the resin films were acetone 
proof. 

The time necessary for such cure decreased greatly with increased tem- 
peratures, as follows: 

300° F., 20 Min. 
350° F., 5 Min. 
400° F., 2 Min. 

14. Since a certain number of heat units must be transferred to cure a 
given weight of plastic, it naturally follows that as the weight of plastic being 
cured is increased, a longer time must be allowed for the transfer of the 
greater quantity of heat units required. A section ¥-in. thick might require 
5 min., and a section ¥-in. thick 20 min. Likewise, such additions as cereal 
and water to a core sand and the mass of the core must be taken into con- 
sideration in determining the heat units required. 


Gas Dissipation 

15. While it has been found that a standard tensile core specimen, when 
bonded with thermosetting plastics for white metals, will reach its peak strength 
in approximately 20 min. at 325° F. as compared with an oil-bonded specimen 
in 90 min., it is probably advisable to spend some of the time saved to dis- 
sipate gas by further baking. Many foundries have experienced a loss of core 
strength in cores which have been stored. This is attributed to moisture 
absorption from the atmosphere by the cereal which has not been burned out; 
hence we have another excellent reason why continued baking beyond the 
curing period of the plastic is essential. Of particular advantage is the fact 
that water-soluble plastics, when cured, become water insoluble and have a 
tendency to moisture proof a portion of other materials present which are 


water absorbent. 


STEEL FouNDRY PRACTICE 

16. Table 1 and Fig. 1 illustrate a comparison between a compounded 
phenolic-formaldehyde core binder and raw linseed cil, which binders were 
evaluated for steel foundry practice. 

17. Casual observation of the results shown in Table 1 would not seem 
to indicate a large reduction in gas content. However, it must be borne in 
mind that the mixture containing the phenolic plastic also contained 0.5 per 
cent of cereal binder, which ordinarily evolves 12 cc. of gas per gram. Under 
these conditions, it would be indicated that the actual gas content was prob- 


ably much lower. ; 
18. The values shown for collapsibility would indicate that shake-out is 
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Table 1 


COMPARISON OF CorE PROPERTIES—-THERMOSETTING PLASTIC Core BINDERS 


AND Raw LINSEED O1L BonpDED 


maaan en 
Compounded Plastic Binders for Raw 


Core Composition Ferrous Metals and Brass Linseed Oil 
A.F.A. Standard sand, grams 2000 2000 
Cereal binder, grams 10 
Core binder, ratio by weight 1:40 1:75 

4.0 4.0 


Water, per cent 
Core Properties 
Tensile Strength, psi., baked* 


30 min. 330 

45 min. 367.5 235 

60 min. $55 245 

90 min. 320 220 

120 min. 170 
Loss in strength on 100 per cent overbaking, 

per cent 13 31 
Contact hardness, 60 min. 98 94 
Green compression strength, psi 0.3 0.2 
Dry permeability 243 205 
Collapsibility, 100-Ib. load at 2500° F., sec. 43 26 
Retained strength, core heated to 1500° F., 

for 5 min. and cooled to room temperature 42.7 36.4 
Core gas, cc/gm at 2500° F 16.5 20 


*All cores were baked at 450° F 
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difficult. However, this is not actually true since it is necessary to differentiat 


between collapsibility and retained strength, which latter characteristic is th 


measure of shake-out. 

19. ‘The decomposition point of the bond of a plastic-type core binder js 
nearer its curing temperature than in the case of an oil binder, which con- 
tinues to give off products of distillation as heat is applied. This accounts 
for the value of polymerization, which reaction takes place in the curing of 
plastic S, 

20. These results were confirmed by production tests in a large-production 
steel foundry, where 2 in. of molten steel surrounded a 1-in. dia. core with a 
total weight of 1800 lb. of metal per mold, poured at a temperature of 2950 
F. Practically all of the weight of metal flows past four of the cores. Thi 
castings were observed in knock-out and showed a marked reduction of “burn 


3 


ir Likewise, knock-out time was reduced from 30 min. to 5 min. 


MAGNESIUM AND ALUMINUM FouNpDRY PRACTICE 


21. ‘Tables 2 and 3 illustrate a comparison between a compounded thermo- 


Table 2 


COMPARISON OF CoRE PROPERTIES-—THERMOSETTING PLAsTic Core BINDERS 
AND COMPOUNDED LINSEED O1t BONDED 


ie: sre 
Compounded Plastic Binders Compounded 
Core Composition for White Metals Linseed Oil 


Silica sand, A.F.A. 60, grams 2000 2000 
Binder, cc 25 26.7 
Water, per cent 4.0 4.0 
Cereal binder, grams 10 
Core Properties 

Tensile Strength, psi., baked* 

20 min. 

30 min. 

45 min. 167 

60 min. 226 

90 min. 223 
Hardness, 30 min 

Contact 95 92 

Drag 89 85 
Green compression strength, psi. : 1.0 0.5 
Retained strength (core heated at 800° F. for 

5 min., cooled in desiccator), Ib. 28 218 
Retained strength, per cent of original 1.5 96.5 
Core gas, 4-gm. sample heated at 2500° F., cc 17.75 15.00 


Collapsibility, 50-Ib. load at 1200° F., min. 1.50 2.80 
(baked 30 min. ) (baked 90 min. 


*All cores were baked at 325° F. 
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Table 3 


COMPARISON OF RATE oF Gas EVOLUTION IN Core BINDERS 


i. nmr ei 
Compounded Thermosetting Plastic 


Time, Binders for White Metals Linseed Oil 
min. cu. cm. per cent cu. cm. per cent 
V4 20 42.5 17 28.3 
Ya 33 70.25 36 60.0 
V, 37 79.0 42 70.0 
l 39 83.0 46 76.6 
1% 42 89.5 49 81.5 
1Y2 44 93.5 52 86.5 
1% 45 96.0 54 90.0 
2 46 98 56 93.5 
2% 47 100 58 96.5 
3 46 58 96.5 
4 45 60 100.0 
2 45 60 
6 45 60 
7 47 60 


setting plastic core binder for the white metals and a compounded linseed oil 
core binder which were evaluated for magnesium and aluminum foundry 
practice. 

22. These results have been confirmed in magnesium foundries, and one 
specific example, with which many foundrymen are familiar, is the oil-sump 
casting, wherein complete collapsibility of the core is imperative not only to 
eliminate cracks but for sand removal. As a result, scrap from cracked castings 
has been reduced in one case from 30 per cent to less than 10 per cent, and 
shake-out time reduced from 8 min. to 1% min. Similar improvements have 
been noted in many other instances. 

23. Aside from the fact that core gas evolution for the compounded thermo- 
setting plastic core binders is appreciably lower, it is reducing in nature rather 
than oxidizing, and this is highly desirable. In many internal cores sulphur is 
completely eliminated, though it is still necessary in external cores. 


CONCLUSIONS 


24. From the data presented in the described tests, the following conclu- 
sions may be drawn: 
(1) That the thermosetting plastics, when properly compounded 
and applied, have wide application as sand binders. 
(2) The thermosetting plastics alone do not produce the ultimate 
requirements of a core binder. 
(3) Each type of plastic has its merits for a particular metal being 
poured. * 
(4) The use of plastic-type core binders is unlimited, depending 
upon the attitude of the particular foundry. 





‘ 
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5) The progressive foundry will decide to use plastic-type con 
binders and expect certain opposition from the foundry personnel. 
which resistance, if properly handled, can be owercome and much 
improved core and casting quality will be realized. 

(6) The heat units absorbed by the core from molten metal are 
definitely lower for aluminum and magnesium than for brass, bronze, 
cast iron and steel, hence the proper adaptation of various plastics 
is necessary to obtain the desired properties of collapsibility; “burn 
in” and ease of core removal from the casting. 

(7) The amount of certain ingredients in the core mixture can 
be reduced, eliminating chances of error and thereby improving core 
quality. 

(8) In the case of gray iron and steel, higher hot strengths and 
less gas will improve casting quality. 

(9) Some foundries have experienced opposition from the odor 
of thermosetting plastics used in core binders. This can be overcome 
to a large extent by more thorough baking of the cores and the addi- 
tion of urea crystals to the mixtures. Likewise, sticking in the core 
box has been troublesome. This problem has been minimized by 
the addition of one part of kerosene to 400 parts of core sand, and 
with the use of liquid partings. 

(10) These disadvantages are pointed out to show that while there 
may be problems, they are not impossible of solution. We are on 
the threshold of a revolution in sand binders which, through the 
combined efforts of the foundrymen, will greatly improve the casting 
industry. 
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Hardenability and the Steel Castingt 
By K. L. CLark* anp J. H. Ricnarps*, Wasuincton, D. C, 


Abstract 
Results of this investigation show that cast and forged steels of identical 
compositions, in the low and medium alloy range, have comparable 
hardenability when variations in grain size are considered. Increasing 
the normalizing temperature of the cast steels from 1700° F. (925° C.) 
to 2000° F. (1090° C.) prior to quenching from 1650° F. (900° C.) 
has little effect on the hardenability except as it alters the austenitic 
grain size. The agreement between calculated and experimentally 
determined hardenability, as measured by the end-quench bar, is excep- 
tionally good for all of the steels studied except those containing more 
than small amounts of strong carbide forming elements. In steels con- 
taining appreciable amounts of chromium or molybdenum, the carbide 
forming elements covered in this study, a quenching temperature of 
1650° F. (900° C.) is not high enough to ensure complete solution of 
all of the carbides, and as might be expected, the measured hardenability 
is considerably lower than that calculated from the chemical compo- 
sition and austenitic grain size. Grossmann’s hardenability factors were 
used throughout this study with the exception of the curve for 
molybdenum. 


INTRODUCTION 


1. Many steel foundrymen can recall the time when heat treatment of any 
kind for steel castings was viewed with distrust because such heat treatment 
was very apt to open cracks or reveal other defects which were not previously 
visible. Steel foundry practices have improved greatly since that time, and 
the overall integrity of modern steel castings has justified closer attention to 
heat treatment for the development of improved mechanical properties in the 
metal and thereby improved service performance of the castings. This atten- 
tion has shifted progressively from no heat treatment at all through full anneal- 
ing, normalizing and tempering, and recently to quenching and tempering. 

2. Although it is recognized that quenching and tempering can not be 
applied to all steel castings because of mass or complicated design, many can 
be successfully heat treated in this manner. One purpose of this paper is to 
emphasize the metallurgical fact that complete hardening of a steel section 
produces better ductility after tempering to a given strength than full annealing 

es dee Seen Din ee Pate Met. Naval Research Laboratory. 


Nore—This paper was presented at a Hardenability and Heat Treatment of Steel Castings Session of 
the 48th Annual Meeting, American Foundrymen’s Association, Buffalo, N. Y., April 27, 1944. 
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or normalizing and tempering of the same steel to the same strength. Naturally. 
the steel must have the capacity for complete hardening in the quench which 
is to be used. This is the reason for the other and chief purpose of this paper, 
which is to show that the quantitative relationship between response to harden- 


ing and chemical composition and grain size, which has been developed for 
ss 


wrought steels, applies also to cast steels. 


STRENGTH AND DUCTILITY oF STEEL 


> 


3. By proper heat treatment steel can be made extremely hard and strong, 
it can be made relatively soft and weak, or it can be made to have intermediate 
degrees of hardness and strength within the particular limits imposed by com- 
position, primarily the carbon content. High strength is desirable in engineer- 
ing machine parts and structures, section modulus being duly considered, since 
mass can be reduced accordingly with resultant savings in material and elimina- 
tion of dead weight. These points are extremely important when moving parts 
or mobility of an assembly are involved. 

4. Strength is not the only requisite for most applications of steel. Ductility 
is also necessary so that unexpected overloads or unforeseen notch effects will 
not cause brittle failure. Unfortunately, the ductility of steel inherently de- 
creases as its strength is raised so that, instead of designing for maximum 
strength which might be in excess of 200,000 psi., designers call for only a 
fraction of the strength obtainable so that the necessary ductility may be 
present. 

5. Beyond the broad generality that as ductility is increased the tensile 
strength or hardness is decreased, it is accepted that other factors have a 
profound influence on this relationship. Nothing more than mention need be 
made of the fact that coarse grain structure, chain-like inclusions, porosity, or 
excessive hydrogen will cause lower ductility than that expected for a given 
strength. Assuming that these adverse conditions are minimized, there is still 
another factor which should be fully considered in attempting to develop the 
maximum ductility at any given strength. This factor is the microstructure, 
aside from grain size, which is developed by heat treatment. 

6. For some time it has been known that forged steels show a much greater 
ductility at a given strength in the quenched and tempered condition than they 
do in either the normalized or annealed state’. Likewise, the best combination 
of strength and ductility is produced in cast steels by quenching and tempering 
treatments’. 


PuysiIcAL PRopeRTIES DEVELOPED BY QUENCHING AND TEMPERING 


_ 


7. Table 1 illustrates the improved yield to tensile strength ratio, and the 
higher ductility at a given strength for plain carbon steels in the quenched and 
tempered condition. This enhancement of physical properties through quench- 
ing and tempering is not restricted to plain carbon steels, but is found in low 


1 Superior numbers refer to references at the end of the paper. 
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Table 1 


PHYSICAL PROPERTIES DEVELOPED BY INDICATED HEAT TREATMENTS 


Properties Quenched and Tempered Normalized Annealed 
Tensile Strength, psi. 80,000 80,000 80,000 
Yield Strength, psi. 65,000 48,000 43,000 
Reduction of Area, per cent 65 50 45 
Tensile Strength, psi. 100,000 100,000 100,000 
Yield Strength, psi. 74,000 55,000 45,000 
Reduction of Area, per cent 56 37 30 
Tensile Strength, psi. 120,000 120,000 
Yield Strength, psi. 95,000 64,000 
Reduction of Area, per cent 50 26 


and medium alloy steels as well. These statements are made with the reserva- 
tion that the size of section being considered has been hardened throughout. 


8. The maximuin physical properties derived from quenching and temper- 
ing are never realized in a partially hardened section. Figure 1 illustrates the 
so-called “mass effect” for two S.A.E. steels. In all cases the smaller section 
sizes yield superior physical properties. This trend can be analyzed much more 
conclusively than by merely designating it as a “mass effect.” If a steel is of 
such a composition that, upon quenching, it will just harden throughout in a 
one-inch section, any section larger than one inch when similarly quenched 
will have an unhardened core or center consisting of pearlite and ferrite. 
Further increases in section size cause a decrease in the percentage of the 
section which is fully hardened, and thus further decrease the average physical 
properties. 


9. The effect of increasing section size for a carbon-molybdenum steel 
quenched in oil, water and brine is shown in Fig. 2. Quite often special alloy- 
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ing elements have been credited with greatly enhancing the strength of steels 

in the quenched and tempered condition, when actually they have merely 

increased the depth of hardening. 


VARIABLES WHICH DETERMINE THE DEPTH OF HARDENING 

10. It is evident from the foregoing that in order to obtain the maximum 
benefits of quenching and tempering, it is necessary first to determine the 
factors which limit the depth to which a steel will harden. Three such factors 
are particularly apparent from experience: 

(a) Severity of quench, or the rate at which heat can be removed 
from the casting by some quenching medium. 

(b) The size and shape of the piece. 

(c) The inherent response of the material to hardening due to 
the influence of chemical composition and grain size. 

11. The third factor, inherent response to hardening, is that characteristic 
of steel known as hardenability. In order to express hardenability quantita- 
tively, the first two factors must either be held constant or be measured in 
such a manner that they can become a significant part of the hardenability 


expression. 
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Severity of Quench 

|2. The effect of severity of quench has been determined* and the index of 
the severity of quench (H_) may be expressed in terms of the diameter of round 
which will just harden through under the most severe quenching condition and 
the diameter of round which will just harden through under any other specific 
condition of quenching. A section may be considered hardened throughout 
when it has a micostructure of 50 per cent martensite at the center. This 
particular microstructure is a satisfactory index and has been selected pri- 
marily because of the ease with which it can be determined by fracture or 
etch tests. 

13. The most severe possible quench is referred to as an “ideal quench” 
and is defined as that quench in which the-external surface of the piece being 
cooled reaches the temperature of the quenching medium instantaneously. An 
‘ideal quench” is impossible to achieve in practice, but it does serve as a 


convenient reference value. 


Size and Shape of Piece 

14. The second factor, size and shape of the piece, can be eliminated as a 
variable by stating hardenability in terms of that size of round which will just 
harden through when quenched in a bath of some known quenching severity. 
Hardenability is usually expressed as “ideal critical diameter” (D1) which is, 
by definition, a round of a size that will just harden through under condi- 
tions of an ideal quench. 

15. It might appear to anyone who is not thoroughly familiar with harden- 
ability that the terms, “ideal quench” and “ideal critical diameter” (D1), are 
hypothetical and impractical since an ideal quench is impossible to attain in 
practice, and, therefore, it is impossible to measure an ideal critical diameter 
directly. | 

16. However, these concepts have served a very useful purpose since much 
of the working theory behind hardenability was developed from a mathe- 
matical analysis (this analysis involved the concept of the ideal quench) of 
heat flow in metals; moreover, they continue to serve a useful purpose because 
ideal critical diameter (Dr) is the only unit of hardenability which, at the 
present time, can be quantitatively related to chemical composition and grain 
size. It is not necessary to know the development of D1 to determine it or to 
use it as a measure of hardenability. To find Dr it is necessary to know the 
critical diameter of the steel in question when it is hardened in a bath of some 
known severity of quench. 

17. The severity of quench (H) for any quenching bath can be determined 
experimentally*, and severity of quench values (H) are published for common 
quenching media, i.e., H for still water* is 0.9 to 1.0, H for still oil* is 0,25. to 
0.30, H for still brine* is 2, etc. The critical diameter for any steel (D), or 
size of round which will just harden through in a quench of some known 
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severity, also can be determined experimentally, and with these two know; 
values, H and D, the ideal critical diameter (D1) can be read from one of the 


curves of Fig. 3. Likewise, if Di is known, D can be determined in any 
quenching bath for which the severity of quench is known. 


EXPERIMENTAL AND CALCULATED HARDENABILITY 
18. It was stated in the preceding paragraph that the hardenability of g 


steel (D1) is a function of its chemical composition and grain size and, there- 
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fore, it should be possible to calculate D1 if the steel has been completely 
analyzed and if its grain size at the quenching temperature has been deter- 
mined. A system of calculated hardenability has been developed for wrought 
steels but, before its application is considered for cast steels, it is desirable to 
review briefly some of the pertinent investigations in this field. 

19. Since the practice of quenching and tempering has long been used for 
the treatment of tool steels, it is natural that the first work on hardenability 
was done on tool steels. Shepard® pioneered the work in this country, and his 
investigations led to the development of the “P-F” test for tool steels. This 
test consists of quenching a round specimen under carefully controlled condi- 
tions, breaking the bar, rating the fracture for appearance, grinding the frac- 
tured surface, etching and measuring the depth of penetration of hardening. 

20. Shepard’s work was the forerunner of numerous investigations con- 
cerning the hardening characteristics of constructional steels. Two particu- 
larly significant investigations, in which modifications of Shepard’s method of 
quenching rounds were used, are those reported by Burns, Moore and Archer*, 
and by Grossmann, Asimow, and Urban*. Herein is the basis for the concepts 
of ideal quench and ideal critical diameter which have been discussed 
previously. 

HARDENABILITY MEASUREMENT 


— 


present day hardenability measurement was reported by Jominy and Boege- 
hold’. This work was done on carburizing steels, but the method of measure- 
ment, which has since been used so widely because of its relative convenience 
as compared to the quenching of rounds, was also found to be applicable to 
non-carburizing types of constructional steels. Its importance warrants a brief 
description of the test. 

22. Jominy’s hardenability test consists of simply end-quenching a bar of 
standard length and diameter from its proper hardening temperature with a 
controlled stream of water impinging on one end of the specimen, grinding 
opposite parallel flats along the longitudinal axis, and making hardness deter- 
minations at regularly spaced intervals along the ground portions of the bar. 
A plot of hardness versus distance from the quenched end yields the typical 
curve shown in Fig. 4. 

23. To avoid the necessity for reproducing the entire curve when discussing 
the results of a Jominy test, it is conventional to state, as an index of harden- 
ability, that distance from the quenched end at which the hardness drops to 
the value indicative of a microstructure of 50 per cent martensite. The reasons 
for choosing the point of 50 per cent martensite have been explained before in 
connection with its use in rounds. This index of hardenability is referred to 
as the Jominy distance. It was found possible to correlate Jominy distance 
with Grossmann’s ideal critical diameter (D1). 

24. It is to be noted that the investigations mentioned so far have been 


21. Another important investigation which has had a profound effect upon 
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concerned primarily with the measurement of hardenability. Such information 
is extremely valuable. For example, if a certain machine part is made from a 
heat of steel having a measured D1 of 2.4 and it “quenches out” satisfactorily, 
another heat of steel having a D1 of 2.4 generally responds to similar quenching 


in a similar manner. 


EFFECT OF ALLOYING ELEMENTS AND GRAIN SIZE 
25. The useful aspects of measured hardenability have been greatly broad- 
ened by an understanding of the quantitative effect of the alloying elements 
and grain size on the hardenability of the steel. It is thus possible to predict 
closely the most economical or available steel for a given job. This important 
work on calculating hardenability from chemical composition and grain size 
was described in a paper by Grossmann*. Wrought steels were used for the 
development of his principle, which consists of establishing a base harden- 
ability for carbon and grain size alone and determining independent multiply- 

ing factors for each of the additional alloying elements present. 


26. This principle has been confirmed by the more recent investigations of 
Craits and Lamont‘, of Kramer, Hafner and Toleman® and of Comstock’’. 
Although they substantiated the method, these investigators found certain 
differences in the numerical values of individual multiplying factors. These 
differences may possibly be attributed to the fact that more recent studies were 
carried out using the end-quench (Jominy) test to measure the hardenability 
and then converting the end-quench data to Grossmann’s D1, whereas Gross- 
mann’s work was carried out entirely on quenched rounds which gave values 
of Dr directly. This conversion was made by a calculated curve™ which is 


believed to be slightly in error. 
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EXPERIMENTAL WorK 
Since the object of the work described herein was to determine if the 
hardenability of forged steels is the same as that of cast steels of the same com- 


positions, it was necessary to make and split heats of steel to obtain cast speci- 


mens and blanks for forging other specimens. 

28. Sixteen heats of steel of the compositions shown in Table 2 were used 
in this investigation. All were made in a 300-lb. coreless induction furnace 
and poured into green sand molds to produce castings of the size and shape 
shown in Fig. 5. The cast plates were fed by two over-sized blind risers and 
the 4-in. cubes were fed by open risers. A standard melting practice was 
followed which facilitated close composition control. Sheared S.A.E. 1015 
steel was used as the melting stock and alloys were added as ferro-alloys or as 
commercial pure metals. 

29. The cast plates were sectioned to obtain four specimen blanks, each 
being 1%-in. square and 6-in. long. The 4-in. cubes were forged to 1¥2-in. 
diameter bars. Three of the cast coupons from each heat were then normalized 
at 1700° F. (925° C.), 1850° F. (1010° C.) and 2000° F. (1090° C.), respec- 
tively. The forged bars were double normalized at 1850° F. (1010° C.). 
Normalizing cycles were so adjusted that all pieces were at temperatures for 
one hr. and 30 min. After normalizing, the coupons were machined to the 
standard type Jominy bar (Fig. 6). 

30. All Jominy bars were heated in close fitting carbon blocks to 1650° F. 
900° C.), held for an hour at temperature, and quenched in the jig shown in 
Fig. 7. Opposite parallel flats were then wet-ground to a depth of 0.10 in. 
This depth was selected because it yielded primarily the same hardness con- 
tours as those obtained by grinding to a depth of 0.015 in., Fig. 8, but it 
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eliminated erratic readings due to uncontrolled surface effects and thus ensured 
good reproducibility of the data. 

31. Rockwell “C” hardness surveys were made with a Rockwell hardnes 
tester. The jig shown in Fig. 9 was used for rapid and accurate spacing of 
the hardness indents. The accuracy of the positioning jig is plus or minus 
0.004 in., and the hardness determinations are believed to be accurate to plus 
or minus one Rockwell “C” number. 

32. The Jominy bars were electrolytically polished and the grain size of 
each bar was determined by projecting an image of the etched surface on a 
screen and making a visual comparison with the standard A.S.T.M. grain size 
chart. In several cases, photomicrographs were taken and actual counts made. 
Comparison showed the estimated grain size to be accurate within plus or minus 
one-half of an A.S.T.M. grain size number. 


33. Samples for chemical analysis of each heat were obtained from the 


portion of the plate remaining after the necessary Jominy bar blanks had been 


removed, and the steels were analyzed for all elements which were apparent 
from spectrographic analysis and which are known to affect hardenability. 


Data Obtained 

34. The chemical compositions of the 16 heats of steel used in this investi- 
gation are given in Table 2. 

35. Jominy curves were plotted for all bars from the hardness data. Using 
the relationship between carbon content and hardness of 50 per cent marten- 
site shown in Fig. 10, Jominy distances were read from the Jominy curves and 
were corrected to a quenching tenyperature of 1600° F. (870° C.) by employ- 
ing a factor taken from the curve in Fig. 11. This curve was taken from the 
work of Jackson and Christenson’? which showed that if quantitative harden- 
ability is to be determined from the Jominy curve, the effect of quenching 
temperature must be considered from a purely thermal standpoint. 

36. The corrected Jominy distance values were converted to D1 values by 
means of the lower curve of Fig. 12 and are listed in Table 3. It should be 
noted that this lower curve does not coincide exactly with that taken from 
Grossmann’s paper. The revised curve was based on hardness measurements 
rather than upon calculated half-temperature times. It is believed to repre- 
sent the relationship more closely than the other curve, although differences 
between the two curves are not enough to change the overall aspects of the 
work materially. 

37. Calculated D1 values, listed in Table 3, for all Jominy bars were com- 
puted from chemical composition and grain size by Grossmann’s method, which 
is illustrated by the following sample calculation: 

Di for carbon and grain size is read from Fig. 13, and the indi- 


vidual multiplying factors for the corresponding amount of each alloy 
present are read from the curves of Figs. 14 and 15. The product of 








L. Crark AND J. H. Ricuarps 1337 


Fic. 9—Spacinc Jic ror Use witn Rockwett Harpyess 














2) 040 
PERCENT CARBON 








0.20 0.3 0.50 


Fic. 10—Marrensire Harpness (50 Per Centr) Piorrep Acainst Carson Conrent. 





T 


| 
| 


END-QUENCH DISTANCE (MEASURED), ew quenc DISTANCE 
cE : H NC 
FACTOR AT i600°F 

















CORRECTION FACTOR 





4 
i 
| 
| 
| 


} 

| 

| | 

} } 

1600 1700 1800 2000 
QUENCHING TEMPERATURE-’F. 














Fic, 11—Curve ror Correction or Distance ALtonc Enp-Quencn Harpenasiuity Bar ror QueENCHING 
‘TEMPERATURE. 





HARDENABILITY AND THE STEEL Castty 


Table 3 
I TARDE NABILITY | JATA 
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Table 83 (Continued) 
HARDENABILITY DATA 


Di Jominy Jominy Distance 
Prior Grain Carbon and Distance Measured at 
Treatment Size No. Grain Size Measured/16 1600° F./16 


As Cast 8 0.143 4.7 4.85 
1700 Soak 8 5.05 
1850 Soak 5.05 
2000 Soak 5 36 
Forged 5.95 
As Cast 
1700 Soak 
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D1 for carbon and grain size and the alloy factors is equal to D1 for 
the steel in question. 


Elements Composition, per cent Multiplying Factor 


C 0.37 0.201* 
Mn 1:00 4.3 

Si 0.57 1.53 

P 0.019 1.04 

S 0.031 0.981 
Ni 0.11 1.04 
Cr 0.12 1.28 
Mo 0.05 1.12 
Cu 0.25 1.07 
Al 0.04 1.04 


*Di for grain size of A.S.T.M. No. 7 Product of factors 
D 


; = 2.28 inches 


38. The base hardenabilities for carbon and grain size of the Jominy bars 
are individually listed in Table 3, and the alloy multiplying factors for the 


quantities of elements other than carbon which were present in the steels stud- 
ied are given in Table 2. Grossmann’s hardenability factors were used through- 
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out this study with the exception of the multiplying factors for molybdenum, 
A slight change in the factor curve for this element was made, which is believed 
to indicate more closely the effect of molybdenum on hardenability in the com- 


position range in which it is most commonly used. 


DIscusSION OF RESULTS 

39. The Jominy curves indicate good correlation between the hardenability 
of cast and forged steels having identical compositions when differences in grain 
size are considered. Therefore, it is believed that the hardenability factors 
established for forged steel also apply to cast steel when certain allowances are 
made for the presence of carbide formers. A study of the data shows that the 
lower carbon steels containing strong carbide forming elements, such as 
chromium and molybdenum, have measured hardenability values which more 
closely correspond with their calculated hardenability values than do the higher 
carbon steels of approximately the same alloy content. 

40. This observation indicates that the tendency for such alloying elements 
to form insoluble carbides is increased as the carbon content is raised; thus, 
the ability of these elements to promote hardenability in the higher carbon 
steels is decreased unless relatively high quenching temperatures are used. 
Therefore, it appears obvious that larger amounts of strong carbide formers 
can be used more efficiently to promote hardenability in the lower carbon range 
than can be used in the higher carbon range. 

41. Figure 16 illustrates the relation between calculated D1 and measured 
Di. The correlation is extremely good in all cases except those where excessive 
quantities of stable carbide forming elements are present, and good correlation 
can not be expected in these cases since, as previously explained, the quenching 
temperature of 1650° F. (900° C.) was not sufficiently high to cause solution 


of all the carbides. 


Effect of Boron 

42. With the exception of those heats containing excessive amounts of 
elements forming stable carbides, the only steel covered in this investigation for 
which calculated hardenability does not agree reasonably well with experi- 
mentally determined hardenability is a steel (Heat N) which contains boron. 
The calculated hardenability of Heat S, another steel containing boron, agrees 
quite well with its experimentally determined hardenability. This apparent 
anomaly may be explained by the fact that Heat N was poured at a much 
higher temperature than was Heat S. Boron is thought to be readily oxidized 


at steelmaking temperatures'*, and thus it is possible that the effect of boron 
on hardenability may be nullified when steel for castings is poured at the high 
temperature necessary to attain good fluidity. 

43. This observation of the loss of the effect of boron on hardenability is 
confirmed by open-hearth shops where it has been noticed that there is a 
decrease in the hardenability from the first to the last ingot of steel heats con- 
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0, (CALCULATED) INCHES 
Fic. 16—Cuart SHow1ne Retation Between CaLcuLaTep AND MeEasuReED Ipeat Crrticat DIAMeTeERs. 
taining boron’. This “fading effect” has been attributed to the oxidation of 
the boron while the steel is in the ladle. Further, since boron is known to 
cause some coarsening of the austentitic grain (this is substantiated by the 
coarse grain size in Heat S), the moderate aluminum and the fine grain size 
of Heat N are further indications that the boron in this heat was oxidized. 


CoNCLUSIONS 

44. For all practical purposes, cast steels may be said to have the same 
hardenability as forged steels of the same composition and grain size. 

45. Within the range of composition of steels used in this study, normal- 
izing treatments as high as 2000° F. (1090° C.) prior to quenching from 
1650° F. (900° C.) do not materially affect the hardenability of cast steel 
except as they alter the as-quenched grain size. 

46. Methods and factors applicable to the calculation of hardenability 
for wrought steels also apply to cast steels. 

47. From these very limited observations on boron steels, it appears that 
boron can greatly increase the hardenability of cast steel. However, loss of 
effectiveness of the boron should be expected if high pouring temperatures 
are necessary. 

48. When relatively high hardenability is desired in cast steel at the level 
of 0.35 to 0.45 per cent carbon, strong carbide formers, such as chromium 
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and molybdenum, should be held to limited quantities for reasons of economy: 
otherwise, their potential benefit to hardenability is not fully effective. At 


lower carbon levels, such as 0.15 to 0.25 per cent, increased amounts of such 


strong carbide formers can be used without sacrificing their full effect on 
hardenability. 
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DiscUSSION 


DISCUSSION 


Presiding: C. H. Loric, Battelle Memorial Institute, Columbus, Ohio. 

Co-Chairman: H. F. Taytor, Naval Research Lab., Anacostia Sta., Washington, D. C. 

GC. K. Donono’: Were any hardenability tests made on bars that were not normalized? 

Mr. Ricuarps: Jominy bars were run on steels which had no normalizing treatment 
at all prior to quenching, and it was found that if corrected for grain size, there was nc 
effect on hardenability. That statement might be qualified by saying that when excessive 
amounts of undissolved carbides were present in some cases there was a very slight 
improvement in hardenability. 

The work on the effect of “prior-to-normalizing” solution treatments has not been 
carried far enough to advocate the complete abandonment of solution treatments, although 
it certainly points strongly in that direction. 

J. B. Carne’; There is one point regarding the solution treatment of chromium car- 
bides. Have you used Field’s* curve for correlation between the end-quenched specimens 
and analysis? 

Mr. Ricuarps: No. 

Mr. Carne: The only way I could correlate the work of Field and that of Gross- 
mann** was to use the lower limit of Grossmann’s chromium range, and the particular 
bars that I used had been given a prior normalizing treatment at 1700° F. Perhaps a 
temperature of 1700° F. is not high enough, but the bars had been normalized and I 
still had to use the lower limit of this range of values. It would seem, then, that the 
solution of the chromium carbides is incomplete even at 1700° F. 

Mr. Ricuarps: What was your quenching temperature? 

Mr. Carne: The quenching temperature was as given in the specifications, 60 to 
75° F. above the critical point. The steels I tested ranged from 3.5 percent of nickel to 
1010 steel, so that the quenching temperatures depended upon the analysis of the 
specimen. 

Mr. Ricuarps: It has been shown that-different quenching temperatures do have an 
effect on the apparent hardenability of steels. The work of Jackson and Christenson 
showed that there is an effect of quenching temperature on the apparent hardenability 
cf a steel as determined by the Jominy bar. A quenching temperature of 1650° F. was 
used throughout the investigation, and it did not prove to be sufficiently high for 
complete solution of all of the carbides. 

R. E. Kerr*®: I wish to bring up the point that hardenability as such might not be 
the most important aspect of some water-quenched castings. At an A.S.M. meeting, 
Mr. Almenf stated that the tensile test is not indicative of the actual life of a casting, 
and he also stated that the long life service of some castings is due to compressional 
stresses set up on the exterior surfaces during quenching. He stated that the metallur- 
gical structure obtained on quenching and tempering had nothing at all to do with the 
Life of the part. To back it up, he stated a case of the Ford Motor Co., changing from 
an alloy part to a 1045 carbon-quenched steel, no tempering, simply shot blasted to 
produce compressional stresses on the exterior. He claimed that this quenched 1045 
part gave them far better service than did those previously made from alloy steel. 

Mr. Carne: Shot blasting, by creating compressive stress at the surface, does improve 
he fatigue strength of the part. This action, although important, has nothing to do 
with the physical properties or hardenability of the metal itself. Shot blasting a part 
that does not possess sufficient strength will not prevent failure in service. 


* 1 American Cast Iron Pipe Co., Birmingham, Ala. 
2Sawbrook Steel Castings Co., Lockland, Ohio. 
“ ch, 1945, “Calculation of Jominy End "Quench Curves from Analysis,” Metat Proocress, pp. 402-405, 
arch, 1 


**Grossm 
A.L.M.E., vol. "130, pp. 2 2.289 1942). 
1 n 


“‘Hardenability Calculated from Chemical Composition,”” TraNnsacrions, 
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Mr. Kerr: It was definitely stated that the metallurgical structure had nothing to do 
with the actual life of the part; that it was purely compressional stresses. 


Mr. Ricuarps: I do not know whether it can be said definitely that the structur, 
has nothing to do with the actual life of the part. We know that the structure does 
have a lot to do with the physical properties of a casting. Mr. Alman is referring to 
the Ford crankshaft, I believe, and the point brought out there is that strength and 
surface, and not necessarily ductility, are the requirements for a good crankshaft. The 
compression forces on the surface are very important to fatigue life. In a structurally 
homogenious section, cracks which lead to failure are started at the surface. If con 
pressive stresses are induced at the surface by shot blasting or by peening, externally 
applied stresses must exceed the tensile strength of the material by a margin greater 
than the amount of compressive stresses introduced at the surface by shot blasting or 


peening in order to cause failure. 


G. VENNERHOLM': We believe that part of the success of the crankshaft is due to the 
very high damping qualities in this type of material. As for surface hardness, the crank 
shaft is not hard, for a fact has a rather low surface hardness. 

In regard to shot blasting surfaces in order to improve fatigue life, considerable work 
has been done at the Ford Motor Company along these lines with very gratifying 
results. I believe that there is a parallel to this which may be of interest; namely, 
nitriding, which today is used quite extensively for the very purpose of improving 
fatigue life, through the high surface hardness produced by nitriding which results in 
very high compression stresses. It has been noticed that the fatigue failure, when such 
takes place, starts below the surface, that is, below the nitrided case rather than at the 
surface itself. 


Lr. C. W. Luepers’: Mr. Richards, I understood you to say that a soft core, or at 
least not a very large soft core, is undesirable on a quenched casting. 

Mr. Ricuarps: A soft core is undesirable if we want to develop the fullest physical 
properties, except in certain applications, such as might be expected in a gear. 

Ltr. Luepers: I would be a little more emphatic than you were, in that for certain 
well-known applications, it is important not to have the slightest bit of softness. We do 
not get the benefit of the hardenability to the fullest extent unless we harden it com- 
pletely through, and if we correlate it with microstructure, it is quite surprising the 
effect that a very small amount of free ferrite has on physical properties. So it is 
misleading, perhaps, to consider that in general any softness at the core is desirable. 
Dr. Gensemer has done some very fine detailed work in correlating microstructure with 
physical properties on a quantitative basis. The curve for impact resistance versus per- 
centage of free ferrite falls off very rapidly with the emergence of a very smal] 
percentage of free ferrite. So that for applications where we are depending upon maxi- 
mum impact resistance it is important to harden completely through. - 

Mr. Ricuarps: As to Mr. Caine’s question about the effect of segregation on harden- 
ability and how it might affect the Jominy curve, a discontinuity in the Jominy curve 
which might be attributed to segregation has been noticed. This discontinuity can be 
minimized by solution treatments prior to quenching. The discontinuity near the 
quenched end of the bar appears to be predominantly controlled by carbon segregation, 
whereas discontinuities further from the quenched end of the bar appear to be controlled 
by alloy segregation. This evidence of segregation was not encountered in the present 
investigation, but should be considered when larger castings are to be quenched and 
tempered. 


4 Ford Moter Co., Dearborn, Mich. : 
Office, Chief of Ordnance, Detroit, Mich. 








Observations on Industrial Safety and 
Occupational Disease Control 


By Jas. R. ALLAN*, Cuicaco, ILL. 
INTRODUCTION 


1. Within the past year, the Industrial Hygiene Codes Committee of the 
American Foundrymen’s Association drafted a code on “Recommended Prac- 
tices for Industrial Housekeeping and Sanitetion.” This code covers recom- 
mendations for housekeeping, prohibits lunching in certain hazardous areas, 
prescribes general ventilation for work areas, offices, toilet, locker, rest and 
lunchrooms, and makes recommendations for minimum lighting requirements 
in factory, office and service areas. 

2. The code also makes recommendations for the separation of potable 
water supply from other sources of water in the plant, and provides minimum 
standards for toilet room construction and the number of facilities for the 
employees. It also gives complete data on wash and locker room construction 
and specifies the minimum facilities required in proportion to the number of 
employees involved. Minimum requirements for women employees’ restrooms 
are also prescribed. Factory lunchroom recommendations are also included. 

5. This code was approved by the A.F.A. Board of Directors, for publica- 
tion. It very nearly parallels a similar code that has been promulgated by the 
Illinois Industrial Commission and which, very shortly, will have the force 
and effect of law in that state. 


Metal Cleaning Sanitation 


4. The American Foundrymen’s Association “Code of Recommended Good 
Practices for Metal Cleaning Sanitation” is being sponsored with the American 
Standards Association with a view of having it become an American Standard 
The work of the Sectional Committee of the American Standards Association 
is progressing on this code and, with some minor changes, the A.F.A. code 
probably will become a recommended American Standard. Members of the 
A.F.A. Industrial Hygiene Codes Committee have been active in several of 
the industrial states this past year, working with their respective labor depart- 
ments or industrial commissions in connection with new industrial code ma- 
terial or‘revamping some of the states’ existing codes. 


* Asst. Mer., Industrial Engineering and Construction Dept., International Harvester Co 
Note: is paper was presented at a Safety and Hygiene Session of the 48th Annual Meeting, 
American Foundrymen’s Association, Buffalo, N. Y., April 27, 1944. 
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5. A situation has arisen in New York State—although it had been an. 
ticipated for some time—in connection with New York Department of Labor 
“Industrial Code Rule No. 10 Relating to Equipment, Maintenance and 
Sanitation of Foundries, and the Control of Dusts, Gases and Fumes in 
Foundries.” This code became effective in New York State on February 1, 1942. 
Some members of the A.F.A. were on the advisory committee that helped to 
draft this code. 

6. This particular New York code carries, under Part 2, Sec. 10-9.1.1, a 
requirement that the amount of dust in the breathing zone of an employee 
shall not exceed 30 million particles per cu. ft. of air in any foundry operation 
except that in abrasive blast cleaning rooms, concentration shall not exceed 
10 million particles per cu. ft., assuming, of course, that such concentrations 
apply inside the fresh-air-supplied helmet or respirator that is worn by th 


operator. 


7. The foundry members of the advisory committee that helped to draft 
these rules vigorously fought the injection of dust counts into the New York 
rules, but were overuled by the New York State Department of Labor. The 
practical men on the advisory committee saw that trouble would be en- 
countered if such rules were adopted, and their predictions are coming true 
in this respect for the reason that Code Bulletin No. 10 not only specifies 
maximum dust concentration in the breathing zone but also provides a number 
of engineering rules for the control and elimination of dust at its source of 
generation. The two requirements are not compatible, and many of the 
foundries in the state now refuse to adopt any of the engineering rules specified 
in the code—they demand that the factory inspection division of the state 
prove that they are exceeding the 30-million dust count. 


8. It appears that a complete breakdown of code rules for the state of 
New York is in prospect. This is a serious situation for the reason that long 
experience has indicated that good engineering safety rules can be complied 
with by the employer and afford ample protection against accidents and occu- 
pational disease. The Industrial Hygiene Codes Committee of the American 
Foundrymen’s Association, as well as the Association itself, are against dust 
counts or maximum concentration of any toxic or hazardous material in any 
state code that has the force and effect of law, because they know from experi- 
ence that the wisest and most satisfactory way of improving working condi- 
tions and eliminating exposure is to adhere to sound, reasonable engineering 


rules. 


9. The foundry operators in the state of New York are urged to appeal, 
either directly or through the various trade associations, to the New York 
Department of Labor for the elimination of all so-called safe toxic limits from 
any code. This is extremely important for the reason that there is a contem- 
plated revision of New York State Code Bulletin No. 12 which, at the present 
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state of revision, contains innumerable substances specifying so-called safe 
Jimits. 
EQUIPMENT 

10. A few pertinent observations, we believe, are in order at this time in 
connection with equipment, processes and working conditions in foundries and 
factories. 

11. Many employers and operators of shops naturally have expanded their 
facilities and added a great deal of new equipment to take care of the tre- 
mendous increase in production for items that they were capable of produc- 
ing. The equipment vendor, in many instances, has taken advantage of this 
situation in manufacturing and selling equipment with no regard for safety 
and health protection features. Many equipment vendors have taken the 
attitude of “take our equipment or leave it—other people will want it”—and 
they have not cooperated with the user and purchaser in supplying saie equip- 
ment, or even making it possible to apply safeguards and hooding to mini- 


mize exposures. 


Filters and Dust Collectors 

12. Then again, because of the tremendous demand for equipment of all 
kinds due to the manufacture of war products, there has been a great increase 
in the number of concerns manufacturing such equipment, and many of them 
have no knowledge of or experience in designing equipment that can be oper- 
ated safely. A good case in point is the fact that many small concerns have 
started to build so-called unit type air filters or dust collectors attached to a 
piece of dust-generating equipment, such as emery wheel stands and the like, 
and these filters and collectors are of such design that after the air is passed 
through them it is recirculated back into the breathing zone of the employees. 
Most state laws, in such states where much thought has been given to the 
matter, are very strict in prohibiting recirculation of air that has been ex- 
hausted from a dangerous or hazardous operation. 

13. Manufacturers and vendors of erniery wheel grinding equipment for 
the most part fail to recognize accepted standards for the design and con- 
struction of the safety and ventilating hoods enclosing the grinding wheels. 
Manufacturers of such types of equipment have wasted a great deal of material 
in designing grinding wheel hoods that do not meet code requirements. The 
result is that such hoods have to be junked and the purchaser has to install 
hoods of his own design or, after a long battle with the vendor, obtain hoods 
that meet the minimum local requirements. It is not unusual to see a grinding 
wheel hood that requires a 4-in. inside diameter outlet to an exhaust pipe 
made with only a 2-in. or 24-in. opening. 


Equipment Design 


14. There is, also, the vendor who supplies exhausting equipment for use 
with dust producing and generating equipment of which he is also the sup- 


1350 INDUSTRIAL SAFETY AND OCCUPATIONAL DISEASE ConTRo! 


plier. Too often, the amount of ventilation, or in other words, the cubic feet of 
air to be exhausted per minute, is far below either the state requirements or 
what is generally accepted as good engineering practice. Here again there has 
been a waste of much strategic material and equipment that has been sold to 
the employers. 
15. Of course, the average employer, during these busy days, has not had 
too much time to go into the engineering details of all the equipment that 
he buys and, in many instances, he does not have engineering staffs that are 
too well advised in such matters. As a result, the equipment vendor has taken 
advantage of the situation and sold purchasers many kinds of equipment that 
are.not safe from an accident or health point of view. 

16. There is a great need for cooperation between user, manufacturer and 
vendor of equipment for foundries and factories with a view toward building 
safe equipment. After the war, when there is more time, a strong campaign 


will be inaugurated to bring equipment vendors into line. 


Labor Turnover 

17. It is interesting to note that, due to the serious labor shortage at the 
present time, when workers can choose their places of employment, those de- 
partments, shops and other work places which have not done a very good job 
of providing a good working environment for their employees are experiencing 
great difficulty in obtaining help; generally, their labor turnover problem is 
very acute, and it appears that, notwithstanding the resistance of some em- 
ployers to improve working conditions in their plants, and in spite of state 


laws and codes providing for safer places in which to work, the labor shortage 


is forcing employers generally to be more cognizant of their hazardous, danger- 


ous or undesirable working conditions and to make some long-needed im- 


provements. 
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d The Application of Local Exhaust Ventilation to 
it . + 
| Electric Melting Furnaces 
e 
n By JoHN M. Kane*, LoutsviLie, Ky. 
. Abstract 
This paper describes a system of local exhaust ventilation that has 
d proved feasible for electric melting furnaces in steel foundries. Positive 
9 exhaust of dust, fumes, and smoke is assured by preventing their dis- 


persion to the melting room. Factors that influence the effectiveness 


of conventional general ventilation methods are also discussed. 


1. It has 


been conventional practice to remove smoke, dust, and fumes 


from electric melting furnaces by general ventilation through the use of roof 


monitors, ventilators and exhausters located in the roof trusses. Such systems, 
in spite of the use of very large exhaust volumes, may not prevent objection- 
able dispersion of the contaminents within the foundry, and may obstruct the 
> vision of crane operators in the vicinity of the melting area. 


2. There are several reasons why increased difficulty has been experienced 


in recent years with electric furnace ventilation: 


(1) 


(3) 


New foundries have greater height than many older plants and 
have increased crane clearance. This increased height has in- 
creased the distance between the exhaust point and the furnace, 
and greatly increased exhaust volumes are required for com- 
parable results. 

Greater emphasis on plant cleanliness has resulted in a marked 
increase of exhaust ventilation and dust control systems through- 
out the foundry. These systems remove large volumes of air 
from the foundry. Where the make-up air supply is not ade- 
quate, a slight negative pressure in the building can occur and 
upset the general ventilation scheme for the melting room. 
Under extreme conditions, reverse air flow into the melting 
room area will be experienced due to the higher pressure char- 
acteristics of exhausters on other foundry exhaust systems. 
The thermal efficiency of the electric melting furnace is high 
and, except during the boiling and certain refining stages, the 
temperature around the outside of the furnace is insufficient to 


*Engineer, American Air Filter Co., Inc. ; q - : 
Nore: This paper was presented at a Safety and Hygiene Session of the 48th Annual Meeting, 
American Foundrymen’s Association, Buffalo, N. Y., April 27, 194. 
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produce a pronounced stack effect. This lack of marked dif- 
ference between furnace and room temperatures largely accounts 
for the dispersing tendency of the smoke, dust and fumes, and 
explains why the smoke condition within the melting room 
varies so widely with atmospheric conditions. 

Data shown in Fig. 1 were obtained by measuring the temperatures of 
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the exhaust air from a local hood mounted directly on the furnace roof ring. 
The furnace charge was 8,400 lb., and the exhaust volume of 10,000 cu. ft. 
per min. confined and exhausted all smoke, fumes and dust that normally 
would escape from the furnace. While similar charts for other furnaces show 
wide variations in exhaust air temperatures during boiling and refining, the 
same low temperature ranges always occur during the melt-down and molten- 
metal stages of the melting cycle. Unfortunately, the smoking characteristic 
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is most pronounced during the melt-down phase, at which time the stack 
effect from temperature differentials provides thg, least assistance to a system 
of general ventilation. 


Loca ExHAUST VENTILATION 


+. It has been long apparent that local exhaust ventilation would offer 
positive control of contaminents if exhaust hoods could be installed at the 
points of smoke generation—around charging doors, slagging doors, pouring 
spout and electrodes. Also, such a system would assure the required visibility 
for the crane operator. However, the application of local exhaust ventilation 
posed two problems that required extensive study: 

(1) A method of connection between the exhaust hood and a fixed 
exhaust duct that would permit the required furnace movement 
for charging, slagging and pouring. For top-charge furnaces, 
the swinging roof, coupled with the tilting motion for pouring 
and slagging, offered the greatest complications. 

(2) Exhaust hood design must assure accessibility to cooling glands, 
water connections and adjusting clamps, and ease of removal 
for roof repair or replacement. 

5. Figures 2, 4, 5 and 6 illustrate a system of local exhaust ventilation 
that has proved effective and practical. Figure 3 shows the furnace in oper- 
ation before local exhaust ventilation was applied. 
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6. The exhaust hood, Figs. 2 and 4, consists of a plenum chamber design 
mounted on the furnace roof ring. For top-charge furnaces, the hood consists 
of two sections, a fixed section mounted over the slagging door, and a circular 


section that moves with the roof (Fig. 5). The two sections are not joined 


but, by careful construction and the use of flanged joints with labyrinth seals. 
leakage loss between the two sections represents but a small fraction of the 
total exhaust volume. Baffling within the hood proportions the exhaust volunx 
to maintain the required indraft around the electrodes, and over the pouring 
spout and charging door. 

7. During tilting for pouring or slagging (Fig. 6), the connection between 
the hood and the exhaust duct is disengaged unless a system of swivel and 
telescope joints is installed. 

8. With local exhaust ventilation, the exhaust volume is a fraction of that 
required by general ventilation methods, as the contaminents are captured 
immediately at the point of escapement from the furnace and before disper- 
sion can take place. 


9. The use of a wet-type dust collector in connection with local exhaust 
hoods contributes to the effectiveness of such a system because: 

(1) The high temperature gases during boiling and refining ar 

cooled to safe temperatures before passing through the air- 
moving equipment. 
Contraction of the hotter gases by cooling assures almost the 
same volume of room air entering the furnace hood during the 
boiling and refining stage. This assures effective indraft to pre- 
vent smoke escapement during the entire furnace cycle. 


(3) Collection of a large percentage of fumes and dust becomes 
economically feasible and practical. 


10. The use of local exhaust ventilation does not eliminate the need for 
general ventilation in the melting room. Smoke incident to pouring, alloying 
and ladle heating still must be exhausted, as well as some dust during the 
charging operation. However, with a system of local exhaust, the general 
ventilation capacity can be greatly reduced, and dispersion of smoke, dust 
and fumes during the melting cycle can be positively controlled. 








New Methods of Occupational Disease Control 
in the Foundry 


By WarRREN A. Coox*, Cuicaco, ILL. 


INTRODUCTION 


i. New control methods for foundry health hazards include consideration 
of more effective control of hazards which have been long recognized and, 
also, of the handling of occupational disease conditions being more extensively 
introduced into foundries under present technological developments. 

2. An occupational disease situation has the bad habit of remaining dor- 
mant over a period of time and then, like a volcano, with or without a warn- 
ing, suddenly erupting with injury to those caught within its sphere. It is 
difficult, if not impossible, to predict and avoid damage from a new volcano; 
it is, also, often difficult but usually possible to predict and avoid injury from 
occupational diseases, even though certain of these may be.new to many of us. 


INDUSTRIAL X-RAY EQUIPMENT 


3. Consider the greatly increased introduction of industrial x-ray equip- 
ment for inspection of castings. Not only has there been a 2000 per cent 
increase in such use of this equipment over the past two years, but many of 
these x-ray units are of 1,000,000-volt capacity, with more recent development 
of units of twice this voltage. 

4. Manufacturers of such equipment ordinarily may be depended upon to 
set up adequate precautions to prevent excessive radiation to operators and 
others in the vicinity. However, it is wise to ascertain definitely that protec- 
tion is sufficient by using some of the instruments now available for checking 
the intensity of radiation which reaches employes adjacent to the unit, either 
directly or by rebound. 

5. A case has occurred recently where inch-thick leaded glass was specified 
for adequate protection of the operator at the controls, but tests showed that 
more than the calculated quantity of rays penetrated into the control room. 
A measurement showed this leaded glass plate to be but '4-in. thick, the error 
being ascribed to inexperienced installation men using what glass was avail- 
able; both the manpower shortage and the material shortage under present 


*Director, Div. of Ind. Hygiene and Engr. Research, Zurich Insurance Cos. ; 
Nore: is paper was presented at a Safety and Hy iene Session of the 48th Annual Meeting, 
American Foundrymen’s Association, Buffalo, N. Y., April 27, 1944. 
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war conditions contributing to the condition resulting in excessive exposure 
to the x-ray operator. 

6. In the operation of x-ray equipment, there is further possibility of exces. 
sive x-ray radiation. Where castings are viewed by means of fluoroscopes, the 
operator may be protected by leaded glass plates and protective leaded rubber 
apron and gloves. With high power x-ray units of 500 and 1000 kilovolts in 
use, it is wise to view fluoroscopes by means of mirrors so that the operator 
can be assured of adequate protection by means of lead sheeting of the 
required thickness. 

7. Today, portable x-ray equipment with lead-sheathed screens is trans- 
ported by a crane to the location of the casting on the foundry floor. The 
convenience of such a portable unit is obvious, but not so obvious is the possi- 
bility of exposure to rays. The crane operator may be protected by distance, 
as the intensity of the rays decreases inversely with the square of the distance. 
However, the distance may not be so great but that the crane operator may 
be receiving more than the permissible daily dosage of a tenth roentgen. To 
play safe, the crane operator should be instructed to pull away from the area 
after lowering the equipment in place, or he should leave the crane cab. 


8. Tables have been prepared giving the amount of radiation in roentgens, 
depending on the intensity of the source, the distance from the tube, thickness 


of lead or lead-glass protection, and time of exposure. Where the total daily 
exposure is less than a tenth roentgen, no injury from excessive x-ray radiation 
is to be expected. 

9. Dependence usually is placed on these tables for assurance of proper 
protection but, as r-meters, counters, minometers and dosage meters become 
more generally available, the desirable practice of testing for integrated inten- 
sities of these rays at points where workmen or operators are stationed will 
become more of a usual practice, and desirably so. 

10. The dosage meter? measures intensities of radiation either from x-ray 
or radium, as do most of these instruments. The scale range is from 0.0 to 0.2 
roentgens per 8-hr. day, with the midscale value at 0.1 roentgens. The instru- 
ment is plugged into a 115-volt alternating-current line, is highly portable and 
can be set up at any point to check the radiation intensity. 

11. The minometer’ consists of an electrometer and an ionization chamber. 
This latter is in the shape of a fountain pen, and can be carried in the pocket 
of the exposed person. At the end of the day’s operation, this chamber is 
placed in the electrometer for reading, the scale being calibrated for 0.0 to 0.: 
roentgen. A larger chamber is also available for use with a 0.0 to 0.01 roent- 
gen scale in the electrometer. 

12. The National Bureau of Standards recommends that all industrial in- 
stallations be checked thoroughly with a view to detecting radiation hazards 


1 Superior numbers refer to references at the end of the paper. 
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to personnel before the x-ray equipment goes into routine operation. Their 


handbook* should be referred to all operators, who should be thoroughly 
familiar with its provisions. 

13. At the present time, the American Standards Association is developing 
an American War Standard for Protection in the Use of X-ray Equipment 
(Project Z-54). As soon as it is available, its provisions should be put into 
practice by every foundry operating industrial x-ray equipment. 

Founpry FuMEs 

14. Before discussing certain newer phases of the foundry dust situation, a 
number of special conditions which may confront the foundryman will first 
be reviewed. All of the items to which reference is made occur in no one 
foundry, but any of them may be introduced. Accordingly, it would be wise 
to know whether or not they are to be regarded with apprehension and 
whether precautions should be observed. 


Styrene 

15. Styrene usually is thought of as one of the polymers in synthetic rubber, 
but its use in some cases for impregnating magnesium castings is bringing 
this volatile liquid into the foundry. Toxicological data have been published 
concerning the health and flashfire hazards of this compound*-**. Its irritat- 
ing properties tend to cause workers to avoid dangerous exposures. This cannot 
be depended upon as an infallible safeguard, as is evidenced by an instance 
where a worker in a pit where castings were being treated was rendered uncon- 
scious by the vapor. Fortunately, this man was removed from the exposure 
before any permanent injury occurred. 


Carbon Tetrachloride 

16. Core washes employing carbon tetrachloride as the suspending liquid 
had been discarded because of their health hazard, but have again come into 
use here and there. Excessive exposure to the carbon tetrachloride itself will 
cause injury to health and, in addition, the poisonous gas, phosgene, may be 
produced where the solvent comes in contact with hot castings or with suffi- 
ciently heated surfaces of the core oven. 


Cadmium 

17. A special warning should be issued in regard to cadmium. Fatal results 
may follow excessive exposure of only a few hours, or even less, to cadmium 
fume. This fume is highly irritating to the lungs, but cases are on record 
where the worker has stayed with the operation in spite of pulmonary distress 

-to be rewarded with a week or two in the hospital, if he does not succumb 
within 5 to 7 days after the exposure, as has happened in about 15 per cent 
of reported cases’. 

18. Not only is there the possibility of poisoning where cadmium is used 
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in the preparation of an alloy in the foundry but, also, wherever cadmium 
dust or fumes may be produced by the grinding, burning or welding of cad- 
mium-plated metals, cadmium alloys and metals covered with cadmium-bear- 
ing paint, excessive exposure is to be avoided, as is pointed out by the Ontario 
Division of Industrial Hygiene*. Purchasing agents and foremen should be 
informed about the dangers of cadmium poisoning, to guard as well as pos- 
sible against the incidental introduction of cadmium into the plant with injury 
to workers before those charged with occupational disease prevention are 
aware of its presence. 


Tellurium 

19. An alloying material which has been shown to be less of a health 
hazard than a social stigma is the metal, teilurium. When exhaust ventilation 
is inadequate to remove the fumes during melting and casting, a pungent 
garlic odor is imparted to the worker’s breath. By the end of the day, the 
employe is shunned by everyone, from his fellow riders in the bus to his wife 
and children. In order to permit the worker to carry on his usual social con- 
tacts, it is essential that sufficient means be employed to reduce the exposure, 
as suggested by Steinberg®, whose researches demonstrated these metal fumes 
to be more obnoxious than poisonous. Steinberg cautions that concentrations 
in air be reduced by exhaust ventilation since his experiments were conducted 
on very low exposures and there is no information on the possible injurious 
effects of higher exposures. Automatic feeding devices for tellurium pellets 
and ventilated hoods at bull ladles are certainly in order. 


Founpry Dust CoNntTROL 
20. Much attention has been given by the foundry industry over the past 
dozen years to the control of dust. The industry is to be congratulated on 
the effective manner in which many of the excessive dust exposures, which 
formerly were taken for granted, have been handled. However, in both old 
and new foundries, unit operations continue to present problems which should 
be given further attention. 


21. Among the unit operations on which much progress has been made 
are swing and stiff-leg grinders, sand conditioning equipment, and shake-out 


operations. 


Grinders 

22. The present tendency in dust control for grinders is the provision of 
ventilated booths. Designs and air movement for representative installations 
were published recently by Kane’®. Dust counts showing the exposure of the 
grinders at such ventilated booths in areas involving ne other dusty operations 
have averaged as low as 1.8 million particles of dust per cu. ft. of air. In 
addition to such remarkably low dust concentrations, the job is noticeably 
cleaner and more attractive to the worker. Dust producing operations in the 
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vicinity of exhausted booths are to be avoided, as the ventilation at the booth 
will tend to draw such dust past the grinder operator into the exhaust system 
and unnecessarily increase his exposure. 

23. Whether or not grinding operations, where the quartz percentage of 
the dust is low and total dust does not exceed five or ten million particles per 
cu. ft., actually causes injury to the lungs would seem to be exceedingly im- 


probable on the basis of present information. Chest x-rays have shown some 


markings which simulate silicosis. There is a real possibility that these mark- 
ings may be due to iron or iron oxide dust and, analogous to the harmless 
condition of welders’ lungs resulting from iron oxide fume, may have no sig- 
nificance as far as injury to health is concerned. This question is of much 
interest to the foundry and the grinding wheel manufacturing industry, and 
should be made the subject of research. 


Sand Conditioning and Handling Equipment 

24. New sand conditioning equipment has been, to a large extent, provided 
with exhaust ventilation when installed. This includes enclosures with exhaust 
ventilation at sand mullers, ventilated hoods at points of sand transfer from 
down-spouts onto conveyor belts and from one belt to another, or to storage 
hoppers and bins, elevators, screens, mills and sand driers. The introduction 
of mechanized sand conditioning and handling equipment has brought addi- 
tional problems, and the presence of a sheet metal enclosure and air mover 
should not be considered as proof that control is adequate. 

At one well-ventilated sand conditioning. operation in a new foundry, 
every dust producing area had been provided with enclosure and exhaust 
except the chute opening at the floor where such dry, powdery material as 
silica flour was dumped into the system. Although the operation was inter- 
mittent, it exposed the worker and others in the vicinity to high concentrations 
of fine quartz dust. This dust source was controlled by the provision of a 
housing about the floor opening sufficiently large to allow the worker to enter 
one end of it in dumping the bags of material. The exhaust duct entered the 
rectangular enclosure near the top of the end over the chute, so that the 
amount of material drawn into it would be minimized while allowing an 
adequate air movement through the open end and past the worker to reduce 
his exposure to this dust. 

26. Where mechanical sand conditioning and handling equipment has 
been installed for several years, exhaust ventilation should be provided at 
areas of dust dissemination. Even though workers may not remain at many 
such points over extended periods of time, these areas distribute fine dust 
throughout the foundry and tend to raise general dust levels. 


Shake-Out Equipment 
27. The use of mechanical shake-outs has made provision of exhaust venti- 
lation essential to control of the increased amounts of dust produced by such 
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operations. Such ventilating equipment is being very widely used, and it js 
the exception to find that exhaust ventilation has not been included. 

28. The problem that still remains is the development of satisfactory means 
for dust control of shake-out grates for large castings which are handled hot 
from an overhead crane. Unfortunately, the hot casting constitutes an air 
mover of great capacity, and many an engineer has been disconcerted to 
observe his apparently well-designed and adequately ventilated side hood 
drawing in only a portion of the dust, the greater part of it shooting straight 
up past the influence of the exhaust ventilation. Here again research js 
needed, in this case to determine the air-moving capacity of hot masses of 
metal. Not only are convection air currents rising directly from the hot 
casting, but induced air currents are being pulled up with them, thus causing 
the observed interference with the satisfactory operation of the ventilated 
side hood. Whether the tight enclosure of the four sides of the shake-out 
grid from floor level to as high a level as permissible would greatly reduce 
the rush of induced air and so assist measurably in the solution of the prob- 
lem, or whether some other approach could be made, can be best determined 
by experiment and research. The obvious but expensive method of doubling 


or quadrupling the amount of air exhausted might not be the only solution 
| a } 


General Foundry Ventilation 

29. Increased volumes of general ventilation have been introduced in many 
foundries. This seems to be most effective where the foundry is appreciably 
longer than it is wide, and provided with a high roof and low sides running 
the length of the foundry. In parts of the country where winter temperatures 
are low, it is necessary to provide heaters at air intakes along the low sides 
of the foundry building. The foremen of respective areas should be charged 
with the responsibility of keeping fans and heaters turned on and off, using 
individual switches for each fan and heater, depending on conditions in the 
foundry, if such a system is to be employed with any degree of economy. 

30. Overhead skylights and propeller type exhaust fans have been used 
extensively to remove fumes from electric furnaces. The more recent provi- 
sion of local exhaust, which has been adapted to the tilting furnaces, is far 


1 in some detail. 


more satisfactory, as is discussed by Kane’ 
31. Emphasis has been placed on equipment for the control of dust. A 
phase of dust control which cannot be overlooked in a completely successful 
program is that of the personal procedure of the workers as supervised by the 
foreman. A paper prepared for the foreman on this phase of dust control in 
the foundry has been published recently’’. 
32. Over the past few years of high wage levels, men have tended to con- 


tinue at work rather than make claims for occupational disease. This has 
been especially true of silicosis. With the relatively small number of such 


claims, a number of foundrymen have become too complacent concerning the 
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hazards from excessive amounts of dust, and have brought themselves to the 
belief, on the basis of actual experience over these past few years, that the 
need for dust control was based on the “racket” days of 1932 and 1933 
rather than on any real hazard to the health of the worker or jeopardy to the 
financial reserves of the company. 

}3. It has been conclusively demonstrated by an extensive survey reported 
in 1938 by Greenburg’® that increased dust exposures are associated with 
increased incidence of silicosis. The small minority of foundries which have 
continued operation during the period of high activity and long hours without 
giving attention to dust control on the basis of having had no silicosis claims 
over this period are laboring under a sense of false security. There is no 
question but that those concerns which have built dust control into their 
foundries will be well-rewarded for their good sense and sound policies by 
freedom from or the minimizing of claims for silicosis when pay envelopes 


begin to get thinner. 


CONCLUSION 


14. In conclusion, new methods of occupational disease control in the 


foundry depend, first, on the recognition and proper evaluation of the hazard; 
second, on the sincere intent of plant management to utilize practical and 
accepted measures for provision of a healthful workplace; third, on the instal- 
lation of well-engineered ventilation and enclosures and an interest in research 
and the development of improved methods; fourth, on the supervision of 
foundry foreman over reduction of dust exposure on the part of the workers. 

5. Much has been accomplished by the foundry industry but, in this 
matter of occupational disease control, it is not safe to become complacent 
and consider that the job has been completed. Continued vigilance is neces- 
sary to keep conditions as they should be. The reward of those concerns 
which maintain healthful and desirable working environments will be not only 


the absence of occupational disease, but the attraction of better grades of 


workers to their plants and an important influence for satisfactory industrial 


relations. 
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Toxicity of Fumes Generated in the Operation 
of Electric Furnaces 
By J. Wm. FeHneLt*, New York 

Very little material has been recorded on the composition and hazards 
the fumes given off from electric furnaces. 
2. Four cases of subacute and chronic mercury poisoning, with one death, 
re reported by Jordan and Barrows' in England in 1924 among workers 
high-frequency furnaces. The mercury escaped from converters, and the 
‘rcury content of the surrounding air was about 0.7 milligram per cubic 
er; 

Siticon ALLoys 


In 1937, attention was called to a potential silicosis hazard in the 


ctric-furnace production of silicon alloys?. Silicosis cases were reported 


om two plants in Sweden, where the workers were exposed to silica smoke 
rising from the electric furnaces making silicon alloys. The dust was de- 
ribed as a finely divided powder containing 89 per cent free silica. In one 
int, it took 4 yr. of exposure to develop an early case, while 14 yr. were 
quired in the other plant. This difference in exposure time was credited 
to the inefficient exhaust system in use in the first plant for controlling the 
nerated fumes given off from the furnaces. 
+. The industrial health section of the company with which the author 
connected made an exhaustive study at two plants of one of the largest 
woducers of silicon alloys in the United States, immediately after the publica- 
tion of the Swedish report. Periodic rechecks have been made since the first 


study in 1937. 


Electric Furnace Operation 

5. A combination of resistance and arc-heating is used in the electric- 
furnace production of silicon alloys. These furnaces usually are of the open- 
pot type, with several large carbon electrodes projecting down into the charge. 
(he current passes from the electrodes through the charge to the shell of the 
pot. The heat generated by the arc, plus that developed by the resistance 
of the charge, melts down the materials to form the alloy. 


6. The operating floor is level with the top of the open-pot furnace. The 


*Cheiaist, Industrial Hygiene Laboratory, Metropolitan Life Insurance Co, 
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carbon electrodes are adjusted and replaced from platforms, called inter- 
mediate floors, over the furnace. The ends of the electrodes are tapped and 
threaded so that new sections can be added as required. Work on the elec- 
trode platform is seldom carried on while the furnace is in operation. Thy 
electrodes are regulated from the operating floor. Raw materials are delivered 
by a high-line conveyor and dropped through chutes to the operating floor 


[hese materials are hand-shoveled from the floor into the furnace. 


7. The tapping of the furnace is done in practically the same manner as 
in tapping an open-hearth furnace. Slag is tapped off first, and then th 
metal is run out into sand molds on the floor. The slag and metal tap holes 


are plugged with clay. 


8. In the charging and operation of the furnace, the workmen are engaged 
in heavy manual labor and exposed to excessive heat, radiant energy and the 
fumes and dusts given off by the furnace reactions. In many instances, no 
attempt is made to entrap the generated dust and fumes and to vent then 
to the outside atmosphere. Due to the heat generated in the furnace, the 
fumes and dusts tend to rise vertically. The roof of the furnace room is neces- 
sarily high in order to accommodate the electrodes and the raw materials high 
line. A monitor-type roof, skylights or vents allow the dust and fumes access 
to the outside atmosphere. There is an accumulation of settled dust on every 
horizontal surface under the roof. The greatest exposure to these arising dusts 
and fumes is at the high-line conveyor or mixing runway level. A few men 
are stationed on this level to divert the raw materials to the chutes feeding 
the furnaces. Recently, mechanical controls have been installed so that on 
man can take care of all furnace raw materials supply chutes from a central 
station. This station is located in a separate room, with a fresh air supply 
from an uncontaminated source. The workers on the operating floor ar 
exposed to the lowest dust and fume concentrations. Only. at the time of 
tapping the furnace do the fume concentrations increase and, in some cases, 


exhausts have been applied at the tap hole of the furnace to- control them. 


9. Any abnormality of furnace operation, such as a boil or pop, necessarily 


increases the evolution of dust and fume. 


Cooling Fans 
10. Large blower cooling fans are used on the operating platforms, espe- 
cially during the summer months. Tests have shown that these fans are, at 


times, the cause of increasing the dust and fume concentrations at certain 


operating stations. This was found to be especially true when tapping th 


furnace. Higher concentrations also were found during the operation of 
furnace cleaning. Enclosing the furnaces and venting through a stack to the 
outside atmosphere materially reduced dust and fume concentrations at all 
working stations. Under such control, the gases are burned at the top of the 
stack. 
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11. In the production of ferrosilicon, the furnace charge consists of coke, 
quartzite and steel turnings. The quartzite, in large lumps, is washed and 
free of fines before delivery to the furnace building. The products of reaction 
are carbon dioxide, carbon monoxide, ferric oxide. and fine silica dust. 

12. Tests for carbon monoxide ranged from zero to 35 parts per million 
on the operating floor and on the tapping platform, but concentrations of 60 
to 80 parts per million were found at the high-line level. Concentrations at 
the intermediate floor stations vary greatly, in most instances being too high 
for continuous exposure. 


Silica Dust 

13. The silica dust is of an amorphous nature, and appears to be in the 
form of small globules of one micron and under in diameter. Visually, the 
dust concentrations appear to be very heavy. The small diameters of these 
particles may account for the relatively low dust counts found by the standard 
technique of the U. S. Public Health Service, namely, sampling with a 
Greenburg-Smith impinger and standard light field counting technique. No 
appreciable difference in counts was noted between using ethyl alcohol and 
water as entrapping mediums, thus ruling out the solubility of these small 
particles. 


14. Typical dust concentrations determined at representative working sta- 


> = . . . 
tions at both an open type and an exhausted furnace producing ferrosilicon 


are as follows: 


Dust Concentration, 
Million particles per cu. ft. air 
Working Station O pen-T ype Furnace Exhausted Furnace 
On high conveyor line above furnace 158 86 
On tapping platform while tapping 63.6 28.2 
On working platform 75 to 178 21 


15. Tests taken in an air-supplied cabinet on the high conveyor line showed 
an average concentration of 3.7 million particles per cu. ft. of air. This is 
equal to the average concentrations found on city streets. The disadvantage 
of the cabinet is the high temperature, especially in the summer months, which 
cannot be overcome by air motion. A means of cooling the supplied air is 
being considered. 

16. The settled dust above the ferrosilicon furnaces contains 29.2 per cent 
of carbon and 53.58 per cent of silica. As previously stated, this silica is in 
the amorphous state. Studies of the effects from the inhalation of silica dust 
have been confined almost entirely to the crystalline variety of silica, and its 
hazardous qualities have been well established. When we speak of lung fibrosis, 
known as silicosis, and its relationship to tuberculosis, we refer to the effécts 
of the inhalation of crystalline silica. While certain animals have been exposed 
to amorphous silica, sufficient work has not been done to definitely define its 
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effects, and it is not always possible to translate effects on animals into 
ogies on human beings. 

|7. An examination of x-ray films of workers exposed to diatoma: 
earth (composed of 85 per cent or more of amorphous silica) indicates th 
presence of a fibrosis in certain workers who have been exposed over a period 
of years. However, this fibrosis is not a typical fibrosis which is recognized 
as silicosis. In the few cases the author has seen, there is an absence of thy 
typical nodulation associated with silicosis. 

18. In the plant surveyed, x-ray films of the chest are taken of cert 
employees on occasion, and an opportunity was afforded to review som 
these. Three were of particular interest, because they were films of workers 
who had been exposed to ferrosilicon furnace dust over a period of 25 years 
or longer. Two of these exhibited normal chest shadows, and the third 
evidence of a mild, non-incapacitating fibrosis suggestive of an old secondar 
infection. No nodular fibrosis suggestive of silicosis was observed in the films 
reviewed. The investigators were thus unable to confirm the findings observed 
in the study from Sweden. It is the author’s opinion that the silica smoke is 
in such a fine state of subdivision that the particles inhaled are as readily 
exhaled, or are rapidly eliminated from the body. 

19. These conclusions were later modified on findings of the U. S. Publi 
Health Service that, on interperitoneal injection of this dust into animals 
combined reaction that is inert and proliferative was produced. They reported: 
that dusts producing this type of reaction should be considered potentially 
harmful 

20. In 1935, Gardner’, reporting on the injections of dusts into anin 
stated that opal, an amorphous variety of quartz, produces tissue reactions 


similar to those of crystalline silica. 


CHROMIUM ALLOYS 
21 In the production of ferrochrome, the work is carried out in smaller, 
single-phase furnaces. The charge consists of chrome ore and coke. The melt 
is tapped into clay-lined pots, allowed to settle, and the metal tapped from 
the bottom. The lighter slag remains in the pot. Carbon was reduced in som 


of the melts by blowing in Bessemer converters with oxygen. 


22. The following figures are typical of conditions found at these furnaces 


Dust Concentration, 
Location million particles Chrome, milligrams Remarks 
per cu. ft. of air per 8-kr. day 
Furnace not ex- 
hausted. 
On working platform 8.2 a Furnace exhausted 
In crane cab over furnaces 9.1 Over all furnaces 


On working platform 44.6 8.2 


23. Very little is known regarding the toxicity of chromium in the metallic 


form and, as such, it generally is considered inert. 
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MANGANESE ALLOYS 


4. In the production of ferromanganese, there is a different story, as 


th the dusts and the metallic fumes of manganese ores are toxic. The 


owable maximum exposure is 60 milligrams per 10 cubic meters of air. 
cubic meters of air would be the average normal amount breathed per 
rk day by a man at moderate labor. 


5. Studies made at enclosed exhausted. and enclosed but not exhausted 


naces showed the following dust concentrations: 


Dust Concentration, Maneanese, 
Location million particles per milligrams per ype of F 
10 cu. meters 
rating floor Enclosed, not exhausted 
erating floor Enclosed and exhausted 
{ixing runway above furnaces 
rnace intermediate floor 


irnace intermediate floor 


Enclosed, not exhausted 


Enclosed and exhausted 


26. The settled dust on rafters in this furnace building showed the fol- 
wing percentages of free silica and manganese: 
Free Silica, per cer Mancanese per cent 
31.0 39.0 
25.6 25.8 


+.2 U.6 


Location 
Mixing runway 
Intermediate floor, furnace not exhausted 


Intermediate floor, furnace exhausted 


i 


27. These results definitely show that a safe manganese concentration can 
be maintained in the furnace room atmosphere by properly enclosing and 
exhausting the furnace fumes and gases to the outside atmosphere. Natural 
draft exahust or chimney effect was used on the furnaces mentioned in the 


foregoing findings. 


OTHER ALLOYING ELEMENTS 


28. Too few studies have been made on the production of tungsten, cobalt 
and ferrovanadium to report at this time. Very little is known about the 
toxicities of cobalt and tungsten. Tungsten has been determined by animal 
experimentation to be a slow poison and asphyxiant and probably capable of 
cumulative and chronic effects, but, despite wide use in industry, to the 
author’s knowledge no occupational cases have been reported. Vanadium is 
a metallic poison about which little is known. German authorities report that 
it is irritating to the respiratory tract,.and that it is, also, a systemic poison 
of a serious type. Reports of cases in industry in this country have been rare 
and have not been thoroughly confirmed. Two cases of vanadium poisoning 
developing on short exposure to vanadium ore dust have been meported. The 
cases developed symptoms similar to those of pneumonia and resulted in hos- 
pitalization for two weeks. 

29. A survey of an electric steel plant engaged in the manufacture of alloy 
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steels the form of rods, strips and wire, provided an opportunity to sampk 
the fumes given off from smaller-type furnaces. The alloy steels were mad 
in small batches, and the alloying metals were weighed out and added just 


before the heat was ready to be tapped. 


1). Air samples taken on the operating platform showed 0.042 milligrams 
of manganese per 10 cubic meters of air, but negative for tungsten. Thes 
were the two alloys used in the melts at the time of the survey. Chromium. 
vanadian, nickel, and selenium also were used at various times in making 


alloy steels. Samples of settled dust analyzed as follows: 


Per Cent 
Locatior Mn V WW Ni 


lil 


Melting floo ; 0.428 0.011 0.0 0.079 


5 | \n electric furnace department of one of the large steel compani 
producing alloyed steels has been surveyed a number of times during the past 
8 years. This department comprised four electrode and one induction-typ 
furnaces. No means of entrapping and removing the generated fumes and 
gases are provided. The furnace room has a high ceiling with a monitor-typ 
roof which allows the escape of some of the arising dusts and fumes. A crane 
runway provides a means of charging the furnaces and the handling of th 


ladles 


2 [he following results are typical of the concentrations found in this 


agepartment at re presentative operating stations: 


Dust Concentrations 
milligrams per 10 cu. meters of atr 


I 107 Mo Cr 


cali 
P uring fi I > 
Oouring noo! aT / race 


Trace Less than 
0.706 Trace | 0.0003 mg 


t f 


Charging door of furnace 


Between two furnaces 


Crane cab 1.694 Tracs 


3 [ests at the foregoing locations for oxides of nitrogen, fluorides, and 


carbon monoxide were negative. A sample of rafter dust collected on the 


crane operating over these furnaces showed the following composition: 


Per Cent 


Loss on ignition 35 

Total silica 9.44 

Tron and alumina 24.08 

Calcium oxide 36.54 

Chromium 0.15 
>» 


34. Tests for lead, silver, mercury, copper, cadmium, zinc, arsenic, anti- 


mony, tin, selenium, nickel, strontium, barium, bismuth, and cobalt were 


negative. 
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CONCLUSIONS 

55. In general, no conclusive evidence is hereby presented of the harmful- 
ness of the fumes given off in electric furnace production of ferro alloys and 
steels, with the exception of those in the production of ferromanganese. 

36. There is not sufficient x-ray evidence available to determine the tox- 
icity of the amorphous silica fumes. However, animal injection does show 
that caution should be exercised in exposing workmen to heavy concentrations 
for long periods of time. 

17. There are conditions when and where the concentrations of carbon 
monoxide may become hazardous for continuous exposure, and concentrations 
which may cause headaches often are present on the mixing conveyor or high 
line. 

8. The dusts and fumes often present a safety hazard in obstructing 
vision, and are a definite nuisance. 


9. The highest concentrations naturally are found at locations above 


the operating floor of the furnaces, where the fewest number of employees 


are working. 

10. If the generated dusts should be classified as inert, the concentrations 
found are too high for continuous exposure, as is prescribed by code in some 
states. 

41. The hooding and venting of the generated fumes and gases to the 
outside atmosphere are recommended as a safety precaution and, also, to 
prevent the deterioration of operating machinery, as for instance, motors. 
The efficiency of such a procedure has been demonstrated. 
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Risering 
Atmospheric Pressure 
for Brass and Bronze Test Bars 
for Controlled Directional Solidification 
Flanged Steel Castings, Influence on Bore Cracking 
and Gating Malleable Iron Castings 
and Gating in Thermal Dissipation 
Open and Blind, Effects on Properties of Steel Castings 


Risers and Riser Connections, Design of 
Risers in Malleable Iron Casting, Square vs. Round 


Safety, Industrial 


Sand: 
Adhering, in Centrifugal Steel Casting 
Adhering, Mechanism in Cast Iron Practice 
Aluminum Foundry, Additions, Handling and Properties of 
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CENTRIFUGAL 
CASTING 
SYMPOSIUM 


A 208-Page Book Devoted Exclusively 
to the Practical & Theoretical Aspects 
of the Centrifugal Casting Process 


12 ARTICLES include 7 of 
the papers presented at the 
3rd War Production 
Foundry Congress, together 
with 5 additional articles 
devoted exclusively to this 
interesting casting method. 


14 AUTHORS, all authori- 
ties on the subject, discuss 
various phases of the cen- 
trifugal casting process, to 
make this A. F. A. Sym- 
|e a valuable, compre- 

ensive reference manual. 


PRACTICAL DATA con- 
tained in the well-illustrated 
articles will provide the 


solution to many centrifu- 
gal casting problems. 


CONTENTS: Spinning 
. types of mac > 
fase casting methods, 
and srfe practices are 
among the features w 
make this book a “must” 
for everyone interested in 
the centrifugal casting pro- 
cess. 


HANDY REFERENCE: 
This collection of articles 
on the one subject gives a 
balanced rests e the 
progress m in the cen- 
trifugal casting method. 


Price: $2:00 to A.F.A. Members 


AMERICAN FOUNDRYMEN’S ASSOCIATION 


222 West Adams Street 


t- Chicago 6, Hlinois | 
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The Newest A.F.A. Book | 
On the Latest Accepted Methods 
For Testing Foundry Sands 


Sc TESTING HANDBOOK 
This 5th Edition, just off the press, represents the 
work of the A.F.A. Foundry Sand Research 
Committee and its Subcommittees. It is de- 


signed to aid the foundryman in producing 
sound castings. 





Information in This Valuable Handbook Includes: 


Methods for Sampling Foundry Sands and Clays .. . Preparing Molding Sends for 
Testing, Determination of Moisture in Foundry Sands . . . Test Specimens for Found- 
ry Send . . . Methods of Preparing Test Specimens—Standard . . . Methods for 
Determining Permeability of Foundry Sands . . . Methods for Determining Strength 
of Bonded Molding Sands ... Methods for Determining Fineness of Foundry Sends— 
Standard . . . Determining the Sintering Points of Sand . . . Standard Testing 
Sand—Standerd .. . Method for Determining Bonding Power of Clays for Synthetic 
Molding Sands—Standard . . . Foundry Sand Grading Classification . . . Deter- 
mination of Green Surface Hardness—Standard Method . . . Method of Testing 
Core Binders . . . Specifications for Oven Used in Baking Core Test Specimens— 
Tentative Standard . . . Determination of Baked Permeability . . . Baked Strength 
of Cores . . . Method of Determining Strength of Cere Paste . . . Non-Standaerd 
Tests . . . Terms Used in Foundry Sand Work.. . . Bibliography on Sand Testing 
and Control. 


In addition, this 184-page, clothbound book contains a valuable Buyers 
Guide and an informative Advertising Section. 


ORDER YOUR COPIES PROMPTLY 


25 
$2 to A.F.A. Members 


AMERICAN FOUNDRYMEN’S ASSOCIATION 


222 West Adams Street Chicago 6, Iilinois 





























